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I.  INTRODUCTION 

As  a  continuation  of  the  work  performed  under  an  earlier  contract  for 
which  the  heat  protective  capability  of  Navy  Shipboard  work  clothing  was  de¬ 
termined  at  various  exposure  conditions,  the  investigation  described  in  this 
report  is  concerned  with  the  resistance  to  high  heat  fluxes  of  various  outer¬ 
wear  garments.  The  materials  of  which  the  outerwear  garments  tested  are  com¬ 
posed  includes:  cotton  and  cotton  blends,  wool  and  wool  blends;  Nomex,  Kev¬ 
lar,  Nomex/Kevlar  blends  and  a  semi-carbon/Kevlar  corespun  construction; 
coated  fabrics;  a  PAN  fabric;  and  assemblies  of  various  of  these  materials 
with  insulating  and  heat-resistant  liners.  The  36  fabrics  and  assemblies 
tested  ranged  in  weight  from  3  to  25  oz/sq  yd. 

The  same  methods  of  investigation  were  employed  as  in  the  earlier  work 
and  consisted  of:  determination  of  strength  retention  and  time-to-ignition 
during  bilateral  irradiation  of  single-layer  fabrics  to  fluxes  of  1.1  cal/ 
cm2/sec  for  exposure  times  ranging  from  a  few  seconds  to  a  minute  or  two; 
measurement  of  heat  transfer  to  an  underlying  surface  as  the  result  of  uni¬ 
lateral  exposure  of  the  single-layer  fabrics  and  fabric  assemblies  to  a  ra¬ 
diant  heat  source  up  to  1.25  cal/cm2/sec,  in  one  case,  and  to  a  directly  im¬ 
pinging  flame  at  2.2  cal/cm^/sec  in  another. 

Test  equipment,  test  methods  and  exposure  conditions  are  described  brief¬ 
ly  in  this  report;  a  more  complete  description  of  each  is  contained  in  U.  S. 
Navy  Clothing  and  Textile  Research  Facility  Technical  Report  No.  148  to  which 
frequent  reference  will  be  made..  Test  results  for  the  various  fabrics  repre¬ 
sented  by  the  outerwear  garments  are  given  in  detail  herein  accompanied  by 
discussion  of  the  results  in  the  same  context  as  for  evaluation  of  the  pro¬ 
tective  capability  of  shipboard  work  clothing  in  the  earlier  report. 

II.  FABRICS  INVESTIGATED 

A  description  of  each  of  the  fabrics  and  fabric  assemblies  in  the  current 
test  series  is  contained  in  Table  1.  The  entries  are  grouped  by  weight  in  the 
following  categories:  cotton  and  rayon  blends;  wool  blends;  Homex  and  Kevlar 
blends;  coated  fabrics;  and  fabric  assemblies.  A  100%  acrylic  knit  and  a  PAN 
(polyacrylonitrile)  fabric  are  also  included. 

The  tensile  properties  of  the  single-layer  fabrics  measured  in  the  warp 
direction  are  given  in  Table  2.  These  properties  of  the  woven  fabrics  were 
determined  from  1.0- inch  wide  raveled  strips  which  were  tested  at  a  crosshead 
speed  of  20.0  inches/minute  using  a  13.5  inch  gauge  length  in  order  to  conform 
with  the  test  conditions  employed  during  exposure  to  radiant  heat.  Cut 
strips,  1.0-inch  wide,  of  the  knit  fabrics  were  tested  and  in  some  cases  the 
gauge  length  was  reduced  to  accommodate  their  greater  elongation  to  rupture. 


(Text  continued  on  page  5.) 


Tabla  X.  fabric  Description 


r abr  ic 

Weight 

7hickneta 

(inch) 

Mo. 

Fibei  Content 

Fabric  Description 

(oi/ydJ) 

0.035  pat 

0.63  pel 

Colot 

Intended  Use 

Sinqle- 

Layer  fabrici: 

36 

100%  cotton 

waffle  knit 

13.3 

0.120 

0.090 

white 

cold-weather  underwear 

36 

100;  cotton 

aateen 

10.3 

0.037 

0.028 

white 

coveralls  for  esploaivea 
hand!  ra 

70 

80/20  PTH 
rayon/ poly* 

twill 

8.6 

0.022 

0.018 

blue 

flaae  reaiatant  fabric 

71 

60/20  PfK 
rayon /Nome* 

knit 

8.5 

0.059 

0.041 

purple 

identification  jeraey 
pullover 

10 

rayon  warp* 

cotton  fill 

4/1  twill 

8.2 

0.026 

0.018 

royal 

blue 

identification  *eat, 
flight  deck  clothing 

34 

80/20  PFK 
rayon /Hoax* 

plain  weave 

7.0 

0.020 

0.G12 

blue 

coverall,  battle  dreas 

44 

100%  cotton 

twill 

6.6 

0.028 

0.019 

yellow 

radiation  protective 
coverall 

50 

100%  cotton 

oxford 

6.4 

0.024 

0.016 

olive 

green 

vind-reaiatant,  hot- 
weather  coat 

37 

100%  cotton 

jersey  knit 

5.1 

0.037 

0.025 

royal 

blue 

flight  dack  identifi¬ 
cation  garment 

48 

100%  cotton 

jersey  knit 

4.3 

0.035 

0.025 

vhita 

anti-flash  hood 

21 

100%  wool 

3/1  crowfoot 

15.7 

0.079 

0.064 

navy 

wool  melton  for  peacoat 

63 

70/30  wool/ 
mod acrylic 

knit 

12.8 

0.122 

0.094 

olive 

green 

heavyweight  -wester 
overgarment 

23 

100%  wool 

knit 

12.3 

0.132 

0.097 

olive 

drab 

aweater 

46 

100%  wool 

(mothproof 

treated) 

knit 

11.6 

0.096 

0.071 

navy 

aweater 

62 

70/30  wool/ 
aod acrylic 

knit 

11.5 

0.098 

3.074 

navy 

lightweight  aweater 
(body  aweater) 

28 

90/10  wool/ 
nylon 

flannel 

8.2 

0.071 

0.056 

olive 

greets 

cold  weather  shirt 

25 

55/45  poly¬ 
ester/wool 

plain  weave 

6.6 

0.020 

0.018 

navy 

trooecrs 

45 

100%  acrylic 

knit 

?.7 

0.106 

0.080 

navy 

woaKn's  sweatar 

78 

Amatex  16HT65 
Series  900 
corespun  ae»i- 
cat bon/Kevlar 

herringbone  twill 

15.4 

0.063 

0.052 

yellow/  flaae  reaistant  fabric 
black 

75 

100%  Kevlar 

twill 

8.3 

0.031 

0.025 

yellow 

standard  faoric  in 
proximity  clothing 

47 

100%  Noati 

knit 

8.1 

0.027 

0.024 

olive 

drab 

flyer's  coveralls 

74 

50/50  Homes/ 
Kevlar 

twill 

6.0 

0.029 

0.022 

yellow 

experimental 

73 

95/5  llcair/ 
Kevlar 

cloque 

5.3 

0.024 

0.018 

olive 

green 

cutershell  for  ship¬ 
board  clothing 

17 

95/5  Homes/ 
Kevlar 

plain  weave 

4.8 

0.019 

0.015 

olive 

green 

shirt,  pant* 

.**:&*»: 
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Table  1.  Fabric  Description  (cent) 


fair  1c 

weiqht 

Thickness 

(inch) 

No. 

Tibac  Content 

rabric  Description 

(oi/yd*) 

0.033  psl 

0.63  Dsi 

Color 

Intended  Use 

39 

nylon 

double  butyl  coated 

12.3 

0.018 

0.013 

grey 

coverall  for  toxicologi¬ 
cal  agent  protection 

S 

cotton, res in- 
eodlf led 

butyl  coated 

10.3 

0.020 

0.014 

black 

coverall  for  rocset  fuel 
handlers 

32 

nylon 

neoprene  coated 

7.7 

0.018 

0.011 

gr**n 

outer  shell  for  cold- 
weather  jacket 

It 

nylon 

polyurethane  coated 

3.1 

0.009 

0.008 

olive 

green 

poncho 

72 

(PAN)  poly- 
aery  lonitrila 

herringbone  twill 

1S.« 

0.053 

0.042 

black 

high  heat  tesistant  fab¬ 
ric 

Fabric 

Assemblies! 

40 

polyester 
outer  shall} 
100%  wool 
liner 

polyurethane  coated 

twill 

12.0 

0.033 

0.042 

black 

lightweight  raincoat 
with  lining 

1A 

polyester  batt, 
nylon  fabric 

quilted  batt,  1.2  os 
rip-stop  fabric  both 

sides 

4.8 

0.098 

0.043 

olive 

green 

poncho  liner  blanket 

1 

polyurethane 
coated  nylon 
♦  1A  above 

coated  fabric  outer 
shell,  quilted  liner 
1A  above 

7.7 

0.107 

0.049 

olive 

green 

poncho  with  liner 
blanket 

13 

30/30  cotton/  sateen}  knit  fleece 
nylon  fluoro¬ 
carbon  treated 
outer  shell} 

100%  nylon  liner 

20.0 

0.183 

0.143 

olive 

green 

cold  weather  jacket 
with  insulating  liner 

2A 

50/50  cotton/ 
polyester  outer 
shell}  loot 
nylon  l^ner 

poplin}  knit  fleece 

12.5 

0.094 

0.068 

:>avy 

utility  jacket 
with  insulating  liner 

S3 

50/50  cotton/ 
nylon  fluoro¬ 
carbon  treated 
outer  shell 
(saaie  as  #13) } 

sateen 

22.0 

0.333 

0.223 

olive 

green 

continuous  cold 
weather  jacket 

lOOt  cotton 
liner} 

polyester  bett- 
nylon  fabric 

oxford 

quilted  batt 

21A 

lOOt  wool 
outer  shell 
lOOt  nylon 
liner 

3/1  crowfoot 

knit  fleece 

24.9 

0.213 

0.159 

black 

overcoat 

38 

nylon/ aery lie 
outer  shell 
carbon  iepreg- 
nated  liner 

twill 

10.7 

0.033 

0.042 

green/ 

gray 

chemical  protective 
suit 

k*  r*  «  •* 

Table 

2.  Tensile  Properties 

1  of  Sinqle 

.-  /  V  .*  -■  V  7 

Layer  Outerwear  Fabr 

ice  in  the 

Warp  Direction 

Fabi  ic 

No. 

Fiber  Content 

Height 

(o*/yd2j_ 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

Elongation 

<»> 

Rupture  Load 
(lbs/inch  width) 

Sinqle- 

•La' 

^er  Fabrics: 

36 

1004  cotton 

13.3 

240 

95 

70 

38 

100*  cotton 

10.3 

22S0 

9 

122 

70 

80/20  PPR 
rayon/polyester 

8.6 

700 

17 

83 

71 

80/20  PFR 
rayon/polyester 

8.5 

430 

74 

54 

10 

rayon  warp 
cotton  (ill 

8.2 

2760 

18 

222 

34 

80/20  PFR 
rayon/Nonex 

7.0 

790 

19 

107 

44 

100*  cotton 

6.6 

2350 

15 

148 

50 

ICO*  cotton 

6.4 

1890 

14 

118 

37 

100*  cotton 

5.1 

170 

37 

19 

48 

100*  cotton 

4.3 

150 

59 

25 

21 

100*  wool 

15.7 

290 

35 

56 

63 

70/30  wool/ 
nod acrylic 

12.8 

80 

125 

41 

23 

ICO*  wool 

12.3 

110 

93 

28 

46 

100*  wool 
(mothproof 
treated) 

11.6 

100 

84 

35 

62 

70/30  wool/ 
mod acrylic 

11.5 

90 

102 

36 

28 

90/10  wool/ 
nylon 

8.2 

200 

30 

35 

25 

55/45  poly¬ 
ester/wool 

6.6 

440 

38 

92 

45 

100*  acrylic 

9.7 

90 

113 

35 

78 

seal  carbon/Kevlar 

15.4 

2170 

21 

205 

75 

100*  Kevlar 

3.3 

8450 

15 

439 

47 

100*  Noawx 

8.1 

600 

44 

152 

74 

50/50  Ncmex/Kevlar 

6.0 

4750 

14 

202 

73 

95/5  Nomex/Fevlar 

5.3 

2090 

17 

129 

17 

95/5  Nooex/Kevlar 

4.6 

900 

30 

115 

39 

nylon 

12.5 

790 

26 

173 

5 

cotton,  resin- 
modified 

10.5 

1300 

12 

72 

32 

nylon 

7.7 

840 

17 

158 

18 

nylon 

3.1 

350 

28 

47 

72 

PAN 

15.6 

3010 

12 

163 

4 
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III.  EXPOSURE  TO  BILATERAL  RADIANT  HEAT 
A.  Test  Procedure 

The  tensile  strength  retention  and  tensile  modulus  of  20  of  the  28 
single-layer  fabrics  in  the  test  group  were  measured  during  short-term  expo¬ 
sure  to  five  levels  of  bilateral  radiant  heat  ranging  from  0.2  to  0.8  cal/ 
cm^/sec  and  corresponding  to  equilibrium  temperatures  from  270°C  to  560°C. 

Some  of  the  knit  fabrics  in  the  series  could  not  be  tested  in  this  manner  be¬ 
cause  of  their  excessively  high  elongation-tc^failure  which  exceeded  the  ca¬ 
pacity  of  the  test  equipment.  The  high  levels  of  bilateral  heat  flux  were 
supplied  by  two,  facing  quartz  heater  panels  shown  in  Figures  1  and  2  and 
described  in  detai]  in  TR  148,  Section  IIIA.  At  the  start  of  a  test,  the 
heater  surfaces,  already  at  equilibrium  temperature,  are  pulled  along  a  track 
to  surround  the  test  specimen  which  is  clamped  in  an  Instron  tensile  test 
machine.  The  onset  of  exposure  is  virtually  instantaneous,  the  duration  of 
exposure  is  precisely  known,  and  subsequent  mechanical  stressing  is  performed 
quickly  so  that  information  on  fabric  tensile  properties  can  be  generated 
during  the  period  of  rapid  temperature  rise  as  well  as  after  thermal  equilib¬ 
rium  has  been  reached.  Tests  were  run  at  total  exposure  times  ranging  from  a 
few  seconds  to  one  minute.  A  testing  speed  of  20  inches/minute  was  employed 
with  a  1.0  inch  wide  test  specimen  at  a  gauge  length  of  13.5  inches. 

The  quartz  heater  panels  used  to  investigate  retention  of  tensile 
properties  under  this  contract  were  newly  installed.  Replacement  of  the  set 
employed  for  the  work  reported  in  TR  148  was  necessary  because  constant  use 
had  caused  a  considerable  decrease  in  thermal  output  as  a  function  of  temper¬ 
ature.  The  thermal  characteristics  of  the  new  heater  panels  are  compared  in 
Table  3  and  Figure  3  with  the  output  of  the  old  panels.  Although  the  heat 
flux  emitted  at  a  given  temperature  is  higher  with  the  new  panels  than  with 
the  old,  the  equilibrium  temperature  attained  by  exposed  specimens  at  a  given 
heater  temperature  should  be  unaffected;  however,  the  rate  at  which  that  tem¬ 
perature  is  attained  will  be  greater  with  the  new  panels.  At  a  result,  the 
rate  of  change  of  tensile  properties  during  the  initial  period  of  rapid  tem¬ 
perature  change  may  be  somewhat  increased. 

Measurements  were  made  with  the  new  heater  panels  of  the  tensile 
properties  of  a  95/5  Nomex/Kevlar  fabric  which  had  been  characterized  with  the 
old  heater  panels;  previous  data  for  this  fabric  (#17)  was  reported  in  TR  148 
(see  Figures  33a  and  b) .  A  comparison  of  the  results  obtained  with  both  old 
and  new  panels  at  270°C,  350°C  and  400°C  is  shown  in  Figure  4  where  tensile 
strength  and  modulus  changes  are  plotted.  There  is  obviously  very  good  agree¬ 
ment  between  results  obtained  with  the  two  heater  systems. 

A  complete  discussion  of  the  thermal  environment  created  by  the 
facing  quartz  heaters  and  its  interaction  with  exposed  fabric  specimens  is 
contained  in  TR  148,  Section  IIIA. 


(Text  continued  on  page  10.) 
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Figure  3.  Initial  Bilateral  Radiant  Heat  Flux  Absorbed  by  Fabric  Specimen 


Table  3.  Thermal  Output  of  New  Quartz-faced  Beater  Panels 


•a-XV’aV  v.\ 


Radiant  Heat  Flux 
(cal/cm2/sec) 


Heater  Temperature 

New  Panels 

Old  Panels 

(°C) 

(1983) 

(1982) 

270 

0.2 

0.1 

350 

0.3 

0.2 

400 

0.35 

f..  25 

500 

0.6 

0.4 

560 

0.8 

0.5 

600 

0.9 

0.6 

650 

1.1 

0.7 

Single-Layer  Fabric 

Tensile  Properties  During 

Exposure  to  Bilateral 

Radiant  Heat 


The  tensile  strength  retention  and  modulus  of  23  single-layer  fab¬ 
rics  were  measured  during  bilateral  exposure  to  radiant  heat  at  the  following 
exposure  conditions: 


270°C  (0.2  cal/cra2/sec) ; 

350°C  (0.3  cal/cm2/sec) ; 

400°C  (0.35  cal/cm2/sec) ; 

500°C  (0.6  cal/cm2/sec) >  and 
560°C  (0.8  cal/cm2/sec) . 

These  temperatures  were  chosen  to  correspond  with  the  heater  temperatures  used 
in  the  earlier  work  described  in  TR  148.  Measurements  were  made  after  five 
different  exposure  times,  where  appropriate,  ranging  from  a  few  seconds  to  one 
minute. 


The  average  values  of  fabric  strength  expressed  as  a  percentage  of 
original  strength  for  various  times  of  exposure  at  each  heat  flux  condition 
are  plotted  in  Figures  5a  through  24b,  respectively?  individual  test  results 
are  documented  in  Appendix  Table  1.  Similarly,  average  values  of  fabric  modu¬ 
lus  are  plotted  in  Figures  5b  through  24b  and  individual  values  are  listed  in 
Appendix  Table  1.  The  values  of  strength  retention  are  given  at  total  expo¬ 
sure  time  to  rupture:  this  time  includes  both  the  dwell  time  prior  to  the 
start  of  crosshead  motion  and  the  time  required  to  rupture  the  specimen  after 
the  onset  of  loading. 

The  modulus  is  a  measure  of  the  stiffness  of  the  fabric  in  tension 
since  it  is  essentially  the  ratio  between  the  applied  load  and  the  resulting 
elongation  in  the  linear  region  of  the  load-elongation  diagram  after  uncrimp¬ 
ing  of  the  fabric  structure  has  taken  place.  The  modulus  values  given  repre¬ 
sent  the  maximum  slope  of  the  load-elongation  curves  in  the  units  lbs  per  inch 
width  of  fabric  per  unit  strain  (see  Appendix  Figure  1  for  an  example  of  this 
calculation).  These  values  are  somewhat  in  error,  however,  because  a  portion 
of  the  specimen  length  is  located  outside  of  the  high-temperature  region  be¬ 
tween  the  facing  heater  panels.  The  true  modulus  of  the  specimen  during  ex¬ 
posure  is  related  to  the  ratio  of  the  modulus  measured  directly  from  the 
Instron  load-elongation  diagram  to  the  original  modulus  at  ambient  tempera- 

(Text  continued  on  page  51.) 
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STRENGTH  RETENTION  (t) 


MODULUS  (LBS/ INCH  WIDTH) 


STRENGTH  RETENTION  (X) 


HEAT  aux 

TIME  TO 

IGNITION  (SEC) 

cal/ui^/sec) 

Range. 

Averaqe 

0.2 

— 

— 

0.3 

— 

— 

0.35 

— 

— 

0.6 

No  ignition,  2  min 

0.8 

5-6 

5 

0.9 

3-5 

3 

1.1 

2 

Figure  6a.  Strength  Retention  of  Fabric  #70  (80/20  PFR  rayon/polyester, 
8.6  oz/sq  yd)  During  Exposure  to  Various  Levels  of  Bilateral 
Radiant  Heat 
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STRENGTH  RETENTION  (X) 


DURATION  OF  EXPOSURE  (SEC)  1.1  3-4  4 


Figure  7a.  Strength  Retention  of  Fabric  #10  (rayon  warp/cotton  fill, 

8.2  oz/sq  yd)  During  Exposure  to  Various  Levels  of  Bilateral 
Radiant  Heat 


15 


STRENGTH  RETENTION  (X) 
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STRENGTH  RETENTION 
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m< 
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n^/sec )  Range  Average 


0.3 

No  ignition 

,  2  min 

0.35 

43-51 

47 

0.6 

5-6 

6 

0.8 

4-5 

4 

0.9 

3-4 

3 

1.1 

1-2 

1 
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Figure  9a.  Strength  Retention  of  Fabric  #44  (100%  cotton,  6.6  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heat 


MODULUS  (LBS/INCH  WIDTH) 


■.v.v'.v  v  k'.  v  •tts'ci;  >rw,-m 


STRENGTH  RETENTION  (X) 


TIME  TO  IGNITION  (SEC) 
Range  Average 


No  ignition,  2  min 

105-120  112 

(glow  only) 

54-63  58 

33-44  37 

11-34  24 


Figure  12a.  Strength  Retention  of  Fabric  #21  (100%  wool,  15.7  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heat 
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MODULUS  (LBS/INCH  WIDTH) 


STRENGTH  RETENTION  (X) 


0.2  cal/cn»2/sec 


A«»aWI 


I  lUUMBMU 

— ■■MtMH 


0.3  cal/cmvsec 


0.35  cal/cmvsec 


HEAT  FLUX 
cal/cn.^/sec 


60  30 

DURATION  OF  EXPOSURE  (SEC) 


TIME  TO  IGNITION  (SEC) 
Average 


0.35 

No  ignition,  2  i 

0.6 

90-120 

105 
(glow  i 

0.8 

24-32 

29 

0.9 

15-21 

18 

1.1 

10-19 

14 

Figure  13a.  Strength  Retention  of  Fabric  *28  (90/10  wool/nylon,  8.2  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heat 


MODULUS  (LBS/INCH  WIDTH) 


STRENGTH  RETENTION  (X) 


STRENGTH  RETENTION  (X) 


100 


I  . 


0.3  cal/cm^/scc 
■  -  350°C 


0.35  cal/an^/sec 
400°C 


0.6  cal/an^/sec 
500°C 


0.8  cal/cm^/sec 
560°C 


HEAT  FLUX 
(cal/gn2/sec) 


TIME  TO  IGNITION  (SEC) 
Range  Average 


DURATION  OF  EXPOSURE  (SEC) 


No  ignition,  2  min 


40  (ligh 
glow  only 


42-90 

21-28 


Figure  15a.  Strength  Retention  of  Fabric  #78  (core  spun,  semi-carbon  Kevlar, 
15.4  oz/sq  yd)  During  Exposure  to  Various  Levels  of  Bilateral 
Radiant  Heat 


Figure  15b.  Modulus  of  Fabric  #78  (core  spun,  semi-carbon  Kevlar,  15.4  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heai 
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Figure  18a.  Strength  Retention  of  Fabric  #74  (50/50  Noroex/Kevlar ,  6.0  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heat 
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TIME  TO  IGNITION  (SEC) 
Range  Average 


No  ignition,  2  min 

40  (light 
glow  only) 
27-35  31 

16-21  19 


Figure  19a.  Strength  Retention  of  Fabric  #73  (95/5  Nomex/Kevlar ,  5.3  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heat 
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MODULUS  (LBS/INCH  WIDTH) 


STRENGTH  RETFN7I0N  (%) 


Figure  20a.  Strength  Retention  of  Fabric  #39  (nylon,  butyl  coated,  12.5  oz/sq  yd) 
During  Exposure  to  Various  Levels  of  Bilateral  Radiant  Heat 
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Figure  21a.  Strength  Retention  of  Fabric  #5  (cotton,  resin  modified,  butyl 
coated,  10.5  oz/sq  yd)  During  Exposure  to  Various  Levels  of 
Bilateral  Radiant  Heat 
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Figure  21bu  Modulus  of  Fabric  #5  (cotton,  resin  modified,  butyl  coated, 

10.5  oz/sq  yd)  During  Exposure  to  Various  Levels  of  Bilateral 
Radiant  Heat 
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tuce.  For  example,  if  the  measured  modulus  during  exposure  is  one  half  of  the 
original  modulus,  the  true  modulus  may  be  as  low  as  85%  of  the  measured  value; 
similarly,  if  the  measured  modulus  is  one  tenth  of  the  original  level,  the 
actual  modulus  may  be  only  76%  of  the  measured  value.  Notwithstanding  this 
error,  the  approximate  modulus,  as  measured,  can  be  a  valuable  indicator  of 
the  occurrence  of  physical  and  chemical  changes  within  the  material  with  in¬ 
creasing  temperature. 

As  seen  in  Figures  5a  through  24a,  at  the  lower  heat  intensities, 
many  of  the  materials  exhibit  a  rapid  decrease  in  strength  during  the  initial 
few  seconds  of  exposure  followed  by  a  more  gradual  decrease  until  ultimately 
an  equilibrium  level  of  strength  is  attained.  This  is  the  type  of  behavior 
that  would  be  expected  for  materials  whose  strength  depends  more  or  less  lin¬ 
early  on  temperature  because  of  the  rate  at  which  the  temperature  of  a  typical 
specimen  would  increase  during  the  course  of  exposure  (see  TR  148,  Figures  17, 
35  and  36).  However,  some  exceptions  to  the  general  shape  of  the  strength 
loss  vs.  time  curve  were  observed;  most  notably,  fabrics  #21  and  28,  heavy 
fabrics  with  a  high  wool  content,  PAN  fabric  #72,  and  semi-carbon/Kevlar  fab¬ 
ric  #78,  show  delays  or  reversals  in  the  initial  downward  trend  of  strength 
loss  vs.  time.  These  delays  for  the  wool  probably  result  partly  from  the 
vaporization  of  large  amounts  of  sorbed  water  and  partly  from  the  rigidifying 
effect  of  drying  on  the  protein  molecule.  Some  additional  carbonization  dur¬ 
ing  exposure  of  the  PAN  fabric,  and  to  a  smaller  extent,  the  semi-carbon/ 
Kevlar  fabric  may  serve  to  delay  strength  changes  in  these  materials. 

At  heater  temperatures  of  500°C  and  above,  all  of  the  fabrics  in  the 
test  group  except  the  heavy  PAN  fabric  #72,  the  heavy  wool  fabric  #21  and  the 
group  of  heavier  fabrics  containing  Kevlar  or  Nomex,  #78,  75,  47  and  74  lose 
all  strength  within  a  few  seconds  after  the  start  of  exposure.  However,  since 
the  rate  of  strength  loss  is  strongly  dependent  on  temperature  and  the  tem¬ 
perature  achieved  after  a  given  period  of  exposure  depends  directly  on  fabric 
weight  per  unit  area,  the  behavior  of  the  various  fabrics  as  materials  is  best 
compared  on  a  weight  normalized  basis.  Accordingly,  bar  graphs  were  prepared 
comparing  time-co-90%  strength  loss  at  different  heat  levels  for  each  of  the 
fabrics  tested  normalized  to  a  6.0  oz/sq  yd  fabric  weight  (chosen  so  that 
comparisons  could  be  easily  made  with  the  similar  data  presentation  in  TR  148, 
Figures  37  through  42).  These  graphs  are  given  in  Figures  25  through  27.  The 
weight  normalization  is  oerformed  by  altering  the  time  scale  of  the  strength 
retention  graphs  by  a  factor  equal  to  6  oz/sq  yd  divided  by  the  actual  weight 
of  the  fabric  tested.  For  example,  for  10.3  oz/sq  yd  fabric  #38,  a  strength 
loss  of  90%  occurs  after  approximately  8  seconds  of  exposure  at  500°C  (see 
Figure  5a);  to  estimate  the  time  to  90%  strength  loss  for  a  similar  6.0  oz/sq 
yd  fabric  under  the  same  exposure  conditions  the  following  calculation  applies: 

8  seconds  x  ^  »  5  seconds. 

10.3  oz/sq  yd 

Similarly,  for  5.3  oz/sq  yd  fabric  #73,  the  strength  falls  to  10%  of  its  orig¬ 
inal  level  at  about  7  seconds  when  exposed  at  500°C  (see  Figure  19a);  there¬ 
fore,  a  6.0  oz/sq  yd  fabric  of  this  type  would  be  expected  to  lose  90%  of  its 
strength  in  7x(6.0/5.3)  *  8  seconds.  Thus,  the  time  scale  for  fabrics  heavier 
than  6  oz/sq  yd  is  lengthened  and  that  for  lighter  fabrics,  shortened.  Be¬ 
cause  of  the  time-adjusted  and  interpolated  nature  of  the  data  presented  in 
Figures  25  through  27,  the  values  should  be  considered  as  approximate  and 
differences  less  than  about  4  seconds  between  materials  should  probably  not  be 
regarded  as  significant. 


(Text  continued  on  page  55.) 


Figure  26.  Time  to  90%  Strength  Loss  for  Various  Fabric 
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Figure  27.  Time  to  90%  Strength  Loss  for  Various  Fabric 

Blends  at  560°C  (0.8  cal/cm 2/sec)  Normalized  to 
a  Fabric  Weight  of  6.0  oz/sq  yd 
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At  a  heat  flux  of  0.35  cal/cm^/sec  and  heater  temperature  of  400°C 
(Figure  25) ,  the  Nomex/Kevlar  blends  are  clearly  superior  to  the  other  mate¬ 
rials.  More  than  a  minute  of  exposure  time  at  this  condition  would  be  re¬ 
quired  to  reduce  the  strength  of  a  6  oz  fabric  to  10%  of  its  original  value. 
The  semi-carbon/Kevlar  fabric  #78  and  PAN  fabric  #72  also  retain  some  strength 
for  significantly  longer  periods  of  time  at  this  flux  than  the  cotton,  rayon, 
and  wool  blends  or  the  coated  fabrics  when  compared  at  the  same  weight. 

At  higher  flux  levels  and  heater  temperatures  (Figures  26  and  27) 
the  Nomex  and  Kevlar  materials  on  a  weight  normalized  basis  continue  to  show 
marginally  better  performance  than  the  other  materials;  the  50/50  blend  of 
Nomex  and  Kevlar  #74  performs  particularly  well  in  this  group. 

If  we  compare  the  behavior  of  the  fabrics  at  their  actual  weights  as 
in  Figures  5  through  24,  it  is  clear  that  the  heavy  (15  oz/sq  yd)  fabrics  #78 
semi-carbon/Kevlar  and  #72  PAN  retain  some  useful  strength  for  the  longest 
period  of  time  at  the  most  severe  exposure  condition  at  which  strength  reten¬ 
tion  was  measured  (560°C,  0.8  cal/cnr/sec) -  Some  strength  remains  for  both  of 
these  fabrics  to  10-12  seconds  at  this  exposure  condition.  The  combination  of 
more  heat-resistant  material  and  greater  weight  provides  greater  protection 
from  radiant  heat. 

C.  Ease  of  Ignition 

The  average  times  required  for  the  single-layer  fabrics  in  the  test 
series  to  ignite  spontaneously  during  exposure  to  bilateral  radiant  heat  at 
various  levels  are  summarized  in  the  Table  4;  individual  test  results  are 
collected  in  Appendix  Table  2.  Such  data  should  be  used  only  to  compare  the 
ignition  properties  of  the  various  fabrics  when  measured  under  the  same  test 
conditions  and  may  not  relate  well  to  ignition  behavior  determined  under  other 
circumstances  since  ignition  is  a  path-dependent  event  affected  by  mode  and 
rate  of  neating,  specimen  size  and  position,  rate  of  air  flow,  oxygen  avail¬ 
ability  and  the  criteria  used  to  determine  the  onset  of  ignition.  In  the 
present  case,  the  point  of  ignition  was  taken  as  the  first  appearance  of  a 
flame;  in  some  cases  a  glow  preceded  or  occurred  instead  of  a  flame  and  this 
is  noted  in  the  Appendix  Table  2;  the  level  of  smoke  generation  and  the  inci¬ 
dence  of  melting  are  also  noted  in  the  Appendix  table. 

As  with  comparisons  of  strength  retention,  the  times-to- ignition  of 
the  various  fabrics  have  been  normalized  to  a  fabric  weight  of  6  oz/sq  yd  and 
presented  in  histogram  form  in  Figures  28  through  30.  On  a  material  behavior 
basis  it  is  again  evident  that  the  Nomex  and  Kevlar  fabrics  and  those  fabrics 
with  a  high  carbon  content  resist  ignition  better  than  those  fabrics  consist¬ 
ing  of  cellulose,  thermoplastic  polymers  or  blends  of  these  components.  The 
tightly  woven  wool  fabrics  tested,  including  those  blended  with  nylon  or  poly¬ 
ester,  also  exhibit  good  resistance  to  ignition.  The  knit  wool  fabric  #23, 
however,  resists  exposure  no  better  than  the  wool/modacryl ic  blends  #63  and 
#62,  each  of  which  melt  apart  within  a  few  seconds  at  fluxes  above  0.6  cal/ 
cm^/sec.  Fabric  #46,  also  a  knit  wool  but  one  which  has  been  mothproofed 
requires  a  longer  exposure  time  to  ignite  than  the  other  fabrics  in  the  wool 
group.  Since  differences  in  finishing  history  and  types  of  dyes  and  other 
chemicals  used  to  process  these  materials  are  not  known,  the  differences  in 
behavior  observed  between  knit  wool  fabrics  #23  and  #46  cannot  be  explained. 

(Text  continued  on  page  60.) 
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_ Average  Time-to-Ignltion  (seconds) _ 

Fabric  Weight  0 . 35  0.6  0 . 8  0.9  1. 1  cal/cm2/sec 

No.  _ Fiber  Content _  (oz/yd2)  (400°C)  (500°C) _ (560°C)  (600°C)  (650°C) _ 
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If  the  resistance  to  ignition  of  the  various  fabrics  are  compared 
directly  without  normalizing  for  fabric  weight,  it  is  evident  frasi  Table  4 
that  the  heavy,  100%  wool  fabric  #21,  semi-carbon/Kevlar  fabric  #78,  and  PAN 
fabric  #72  have  the  greatest  resistance  to  ignition  by  radiant  heat  of  the 
materials  in  the  test  group. 

IV.  RADIANT  HEAT  TRANSFER 

In  order  to  assess  the  extert  of  protection  to  the  skin  provided  by  the 
various  work  clothing  fabrics  ar.i  fabric  assemblies  from  the  direct  penetra¬ 
tion  of  radiant  heat,  measurements  were  made  of  the  amount  of  heat  transferred 
from  unilateraly  irradiated  fabric  strips  to  an  underlying  surface.  For  this 
measurement  a  single  quartz  heater  panel  and  a  water-cooled  copper  calorimeter 
were  employed  as  illustrate  ir.  Figure  31.  The  calorimeter  is  embedded  flush 
with  the  surface  of  a  black  '•-.ran3ite  board  on  which  the  fabric  test  strip  is 
mounted.  At  the  start  of  exposure  the  preheated  panel,  mounted  on  a  track,  is 
quickly  pulled  into  place  facing  the  fabric  strip.  The  voltage  output  of  the 
calorimeter,  proportional  to  impinging  heat  flux,  is  recorded  continuously  for 
the  next  60  seconds.  If  ignition  occurs  during  this  time,  the  panel  is  pur  bed 
away  while  the  calorimeter  continues  to  monitor  the  heat  flux  from  the  burning 
fabric.  Incident  heat  flux  is  determined  separately  with  no  fabric  specimen 
in  place.  The  total  heat  flux  transferred  from  the  fabric  to  the  surface  of 
the  calorimeter  is  expressed  as  a  percentage  of  the  heat  flux  incident  on  the 
surface  of  the  fabric  at  the  start  of  exposure. 

Fabric  response  was  determined  at  three  unilateral  heat  flux  levels: 

0.4,  0.75  and  1.25  cal/cm^/sec  corresponding  to  heater  temperatures  of  650°, 
800°C ,  and  1000°C  respectively.  Table  5  contains  a  summary  of  the  heat  trans¬ 
fer  and  ignition  behavior  of  the  36  fabrics  and  fabric  assemblies  tested; 
individual  pieces  of  data  for  three  specimens  of  each  fabric  are  reported  in 
Appendix  Table  3. 

Because  of  the  diversity  of  fabric  types  and  assemblies  tested,  there 
were  no  "typical"  traces  of  the  calorimeter  output,  although  there  were,  ir. 
general,  two  distinct  peaks  during  the  course  of  exposure.  In  general,  an 
initial  peak  in  heat  transfer  was  followed  by  a  more  gradual  rise  to  a  steady 
level  or,  if  ignition  occurred,  it  was  followed  by  a  sharper  and  more  intense 
peak  as  the  burning  fabric  itself  gave  off  considerable  quantities  of  heat. 

The  response  tended  to  be  somewhat  variable  within  the  group  of  three  repli¬ 
cate  specimens  of  each  fabric  or  assembly  type  tested  at  each  condition  de¬ 
pending  on  the  extent  of  specimen  shrinking  and  curling  away  from  the  calo¬ 
rimeter.  However,  the  data  in  Table  5  represents  a  reasonable  estimate  of  the 
worst  case  conditions. 

None  of  the  fabrics  ignited  during  exposures  at  0.4  cal/cm^/sec;  some  of 
the  fabrics  ignited  during  the  60-second  exposure  at  0.75  cal/cm^/sec; 
single  layer  fabrics  except  the  PAN  fabric  #72  and  the  100%  Kevlar  fabric  #75 
ignited  or  were  destroyed  within  60  seconds  at  1.25  cal/cm^/sec.  The  Kevlar 
fabric  #75  was  glowing  at  the  end  of  exposure  at  the  highest  flux  level  but 
the  PAN  fabric  #72  although  smoking  showed  no  signs  of  ignition.  The  outer 
shell  of  each  of  the  fabric  assemblies  also  ignited  at  the  highest  flux,  with 
the  entire  assemblies  of  #1A,  2A  and  21A  igniting. 


(Text  continued  on  page  64.) 
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Figure  31.  Test  Configuration  for  Radiant  Heat  Transfer 
Measurements 
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75 

100t  Kevlar 

8.3 

40 

35 

30 

— 

60 

60 

80 

47 

lOOt  None* 

8.1 

45 

40 

50 

—  30-45 

70 

60 

120 

74 

50/50  None*/ 

Kevlar 

6.0 

50 

35 

40 

23-45 

65 

65 

75 

73 

95/5  None*/ 
Kevlar 

5.3 

45 

35 

40 

—  45-54 

70 

- —  r— 

55 

70 

& 
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Si,—  try  of  Hast  Transfer  Values  to  an 
Various  Unilateral 

i  Underlying  fur  face  frost  Fabrics 
Radiant  Beat  Flua  Levels 

Exposed  to 

S8fl 

Max laua  Heat  Transfer 
in  60  Seconds  (t) 

Fabf ic 
No. 

Fiber  Content 

Height 
(o*/sq  yd) 

0.40  cal/ 
es2/sec 

0.75  cal/ 
ca^/sec 

1.25  cal/  0.75  cal/  1.25  cal/ 
cs3/sec  cs^/sec  ca2/sec 

0.4  cal/ 
ea^/sec 

0.75  cal/ 
cs2/aec 

1.25  e 

CBJ/S 

Single 

-Laver  Fabrics i 

(cont) 

19 

nylon t  double 
butyl  coated 

12.5 

60 

30 

120 

— 

5-13 

120 

140 

120 

5 

cotton,  resin 
Modified; 
butyl  coated 

10.5 

60 

40 

90 

26 

(only  1  of 

5-6 

3) 

70 

100 

90 

32 

nylon;  neoprene 
coated 

7.7 

65 

55 

110 

__ 

4-5 

170 

75 

110 

11 

nylon;  poly¬ 
urethane  coated 

3.1 

70 

100 

10 

salted 

2 

100 

100 

80 

72 

polyacryloni¬ 
trile  (PAN) 

15.6 

60 

30 

50 

— 

— 

75 

80 

so 

Fabt  ic 

Assemblies; 

40 

polyester 
outer  shell, 
wool  liner 

12.0 

55 

45 

55 

6-13 

(outer  shell 
only) 

120 

100 

55 

U 

polyester  batt, 
nylon  fabric 

4.6 

30 

100 

115 

salted 

2 

120 

100 

115 

1 

18  ♦  1A  above 

7.7 

40 

40 

30 

Belted 

2-3 

(1A  only) 

100 

100 

30 

13 

50/50  cotton/ 
nylon  fluoro¬ 
carbon  treated 
outer  shell; 
lOOt  nylon  liner 

20.0 

30 

35 

20 

neltad 

3-0 

(outer  shell 
only) 

110 

195 

20 

2A 

50/50  cotton/ 
polyester  outer 
shell;  100% 
nylon  liner 

12.5 

20 

40 

30 

10-11 

30-32 

60 

40 

50 

55 

50/50  cotton/ 
nylon  fluoro¬ 
carbon  treated 
outer  shell; 

100%  cotton 
liner;  polyester 
batt-nylon  fab¬ 
ric  insulation 

22.0 

45 

45 

30 

17-40 

2-4 

125 

100 

50 

21A 

lOOt  wool 
outer  shell; 
loot  nylon 
liner 

24.9 

55 

40 

30 

15-28 

55 

90 

30 

58 

nylon/acrylic 
outer  shell; 
carbon  impreg¬ 
nated  liner 

10.7 

45 

85 

so 

4 

(outer  shell 
only) 

130 

100 

50 

i 
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In  several  cases  at  each  of  the  incident  heat  flux  levels,  the  calorim¬ 
eter  located  behind  the  fabric  specimen  sensed  a  transmitted  heat  flux  that 
was  equal  to  or  greater  than  the  incident  flux.  Exothermic  reactions  occur¬ 
ring  within  the  heated  fabric  associated  with  melting,  smoke  generation  and 
ignition  can  result  in  significant  amounts  of  energy  transmitted  to  underlying 
surfaces. 

Among  the  group  of  single-layer  rabrics  with  a  cellulosic  component, 
ignition  or  the  a  :ainment  of  maximum  heat  transfer  occurs,  in  general,  at 
shorter  times  for  the  lighter  weight  fabrics.  Those  fabrics  in  this  group 
containing  PFR  rayon  were  no  better  in  retarding  heat  transfer  than  similar 
all-cotton  fabrics;  fabric  #70  with  a  polyester  component  exhibited  particu¬ 
larly  high  heat  transfer  rates  at  short  exposure  times  that  were  associated 
with  melting. 

The  modacrylic/wool  blends,  #63  and  62,  tended  to  split  apart  during 
exposure  in  some  cases  allowing  the  heat  source  to  impinge  directly  on  the 
calorimeter.  Although  the  100%  acrylic  fabric  remained  intact,  it  did  ignite 
readily  at  the  two  higher  flux  levels  with  attendant  high  levels  of  heat 
transfer.  The  100%  wool  fabrics  #21,  23  and  46  ignited  at  the  highest  flux 
only. 


Of  the  uncoated  single-layer  fabric  types,  the  Kevlar,  Nomex  and  carbon- 
containing  fabrics  exhibited  the  longest  times  to  ignition  and  the  most  con¬ 
sistently  low  heat  transfer  rates. 

The  coated  fabrics,  #39,  5,  32  and  18,  ignited  readily  at  the  highest 
flux  and  transmitted  considerable  heat  either  because  the  fabric  failed  by 
melting  or  because  the  coating  material  was  exothermic.  Although  the  outer 
layer  of  most  of  the  thicker  assemblies  ignited  during  exposure  at  the  highest 
flux,  transmitted  heat  levels  to  the  underlying  calorimeter  were  lower  after 
60  seconds  than  with  most  of  the  thinner,  single-layer  fabrics  tested. 

The  heat  flux  sensed  at  surfaces  located  behind  covering  fabric  layers 
depends  little  on  fabric  construction,  whether  knit  or  woven,  more  on  weight 
and  thickness,  but  mostly  on  the  material  type  and  the  ease  with  which  exo¬ 
thermic  reactions  are  induced  by  increased  temperature  within  the  material. 

V.  FLAME  IMPINGEMENT  HEAT  TRANSFER 

A.  Test  Device  and  Test  Procedure 


The  flame-impingement  test  device  used  to  measure  the  heat  flow 
through  the  various  fabrics  and  fabric  assemblies  when  exposed  to  the  heat  of 
a  flame  consists  of  a  Meker  burner  flame  source,  a  specimen  holder  which  in¬ 
cludes  a  skin-simulant  sensor,  and  a  shuttering  system  for  controlling  the 
initiation  and  timing  of  exposure  of  the  specimen  to  the  flame.  A  diagram  of 
the  device  is  given  in  Figure  32,  and  photographs  are  presented  in  Figure  33. 
A  specimen  mounted  in  its  holder  and  the  skin-simulated  mounted  behind  it  are 
shown  in  Figure  34. 


(Text  continued  on  page  68.) 


64 


65 


Figure  32.  Diagram  of  Flame-Impingement  Tester 
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Specimen  in  Place 


Skin  Simulant  in  Holder 


Figure  34.  Assembled  Specimen  Mounting  Fixture 
and  Skin-Simulant  Bolder 
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The  Meker  burner,  located  2.1  inches  from  the  surface  of  the  fabric 
during  a  test,  causes  a  vertical  propane  flame  calibrated  to  a  total  heat  flux 
of  2.2  +  0.1  cal/cm^/sec  to  impinge  perpendicularly  on  the  surface  of  a  hori¬ 
zontally  mounted  test  specimen.  This  level  of  heat  flux  was  chosen  to  conform 
to  the  value  of  heat  flux  generally  accepted  as  average  for  a  large  fueled 
fire.  The  flame  is  calibrated  frequently  by  means  of  a  water-cooled  calo¬ 
rimeter  and  adjusted  by  altering  the  rate  of  gas  flow  at  maximum  air  intake. 
During  calibration  the  surface  of  the  calorimeter  is  positioned  in  the  flame 
at  the  same  distance  from  the  burner  as  is  the  fabric  specimen  during  a  test. 

Prior  to  exposure  a  fabric  swatch  measuring  about  4  inches  in  diam¬ 
eter  is  mounted  in  the  specimen  holder  which  is  designed  to  provide  uniform 
and  reproducible  clamping  pressure;  the  skin-simulant  sensor  is  placed  behind 
it  in  intimate  contact  with  it.  The  skin  simulant  is  a  special  formulation  of 
resins  designed  to  duplicate  the  optical  and  conductive  properties  of  real 
skin.  A  fine-wire  thermocouple  is  embedded  500y  below  the  surface. 

During  a  test,  the  quick  motion  of  the  shuttering  and  carriage- 
control  system  allows  precise  timing  of  the  exposure  (within  milliseconds)  so 
that  a  square-wave  heat  pulse  is  experienced  by  the  fabric  specimen.  E::po- 
sures  of  3-  and  6-seconds  duration  were  carried  out  for  each  of  the  fabrics 
and  fabric  assemblies  in  the  test  series  with  the  skin  simulant  in  direct 
contact  with  the  fabric  specimen,  a  worst-case  situation. 

Typical  skin-simulant  temperature  response  curves  illus  "ate  the 
rapid  temperature  rise  during  the  period  of  actual  flame- impingemen t ,  the 
attainment  of  maximum  temperature  a  few  seconds  after  cessation  of  exposure 
and  the  more  gradual  decrease  of  temperature  as  cooling  proceeds  (see  TR  148, 
Figure  54) . 

Ignition  cf  fabric  specimens  does  not  commonly  occur  during  the 
flame-impingement  test  even  though  the  outer  surface  of  the  fabric  undoubtedly 
reaches  temperatures  sufficient  to  cause  ignition.  Specimens  decompose,  char 
and  become  ash  but  actual  flaming  of  the  specimen  itself  does  not  occur.  This 
behavior  has  been  observed  even  when  the  specimen  is  not  backed  up  by  a  skin 
simulant.  The  nature  of  the  decomposition  that  occurs  during  direct,  intimate 
exposure  of  fabric  specimens  to  a  flame  seems  to  be  quite  different  than  that 
which  occurs  during  irradiation  only.  In  the  previous  section  it  was  seen 
that  exothermic  reactions  induced  in  the  fabrics  during  ^;:posure  to  a  radiant 
heat  source  almost  completely  dominate  the  heat  transfer  situation.  During 
the  flame-impingement  tests,  the  heat  transfer  gives  all  appearances  of  being 
completely  conductive,  or  dependent  only  on  level  of  heat  source,  with  no 
evidence  of  exothermic  reactions  developing  with  the  material  despite  the 
extremely  high  heat  flux  level.  The  principal  difference  between  the  two 
modes  of  exposure  is  probably  the  abundance  of  oxygen  available  to  the  heating 
specimen  during  radiation  with  the  quartz  heater  panels  and  the  lack  of  it  as 
the  specimen  is  surrounded  by  flame  during  flame-impingement. 
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The  results  of  the  measurements  of  heat  transfer  through  the  various 
single  layer  fabrics  and  assemblies  are  reported  in  Table  6.  Temperature  rise 
in  the  skin  simulant  at  flame  cut-off  times  of  3-  and  6-seconds  are  given 
along  with  the  maximum  temperature  achieved  in  the  3-  and  6-second  exposure 
respectively.  Three  replicate  tests  were  made  with  each  fabric  at  each  con¬ 
dition;  good  agreement  among  replicates  is  generally  the  case. 

The  correlation  between  thickness  of  the  specimen  and  the  maximum 
temperature  rise  observed  is  shown  in  Figure  35(a)  and  (b)  for  the  3-  and  6- 
second  exposure  respectively.  Those  fabrics  which  melted,  or  split-apart 
during  the  test  exposing  the  skin-simulant  directly  to  the  flame  are  excluded 
from  these  graphs.  Not  surprisingly,  these  graphs  show  that  thicker  assem¬ 
blies  are  more  effective  in  protecting  against  conductive  heat  transfer.  The 
nature  of  the  non-linear  relationship  between  temperature  rise  and  thickness 
depicted  in  the  figures  makes  it  possible  to  suggest  a  thickness  level  above 
which  improvement  is  marginal;  this  value  seems  to  be  about  0.15  inches  for 
the  conditions  employed  in  the  flame-impingement  test. 

On  the  basis  of  the  point  spread  in  Figure  35  only  the  PAN  fabric 
#72  and  assembly  #40  with  a  polyester  outer  shell  and  a  100%  wool  liner  stand 
out  as  offering  better  protection  than  expected  on  the  basis  of  thickness. 
Energy  absorbed  during  melting  of  the  polyester  outer  layer  combined  with  the 
structural  stability  of  the  wool  liner  is  undoubtedly  responsible  for  the 
better-than-average  performance  of  fabric  assembly  #43. 

The  PAN  fabric  #72  retards  heat  transfer  significantly  better  than 
the  serai-carbon  Kevlar  fabric  #78  of  approximately  the  same  weight  and  thick¬ 
ness  while  fabric  assembly  #58  with  a  carbon  impregnated  liner  is  a  particu¬ 
larly  poor  performer.  Neither  fabric  #72,  fabric  #78,  nor  the  carbon- impreg¬ 
nated  liner  of  assembly  #58  were  altered  in  appearance  after  flame  exposure. 
Both  the  PAN  fabric  and  the  Kevlar  fabric  show  evidence  of  high  heat  absorp¬ 
tion  In  the  strength  retention  and  modulus  curves  given  previously,  but  in  the 
absence  of  specific  information  about  the  thermal  properties  of  the  three 
carbon-containing  fabrics,  it  is  difficult  to  postulate  reasons  for  their  very 
different  response  to  flame  exposure. 

C .  Burn  Injury  Potential 

As  described  in  the  previous  report  TR  148,  there  is  no  exact  or 
wholly  satisfactory  method  of  predicting  burn  injury  potential  from  skin- 
simulant  temperature  rise  data.  Because  of  the  uncertainties  inherent  in  the 
method  used  in  TR  148  to  obtain  estimate  of  burn  injury  index,  only  very  broad 
approximations  were  attempted  for  the  fabrics  in  the  current  test  series. 

These  approximations,  which  are  given  with  the  temperature  rise  data  in 
Table  6,  were  obtained  using  Figure  62  of  TR  148.  In  this  figure,  the  burn 
injury  index  of  each  of  the  fabrics  tested  in  Phase  I  is  plotted  against  tem¬ 
perature  rise  after  3-seconds  of  exposure  to  the  flame.  A  best  fit  regression 
line  was  calculated  for  this  previous  group  of  data  and  used  in  conjunction 
with  the  measured  values  of  temperature  rise  at  3-seconds  given  in  Table  6  to 
estimate  burn  injury  index  for  the  current  test  series. 


(Text  continued  on  page  75.) 
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*Estiratcd  froa  taaparatura  riaa  at  3-saconda  during  3-aecond  axpoaura. 
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•Satiutad  t torn  taapaiatuta  rlaa  at  3-aaconda  during  3-a«cond  aipoaura 
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(a)  3-seconds 

O  100%  cotton  and  blends 
□  100%  wool  and  blends 
A  100%  Nomex,  Kevlar  and  blends 
Carbon  liner  and  PAN 


4* 

* 

% 

° 


Fabric  Thickness  (inches  at  0.63  psi) 


6-seconds 


O  100%  cotton  and  blends 

□  100%  wool  and  blends 

^  100%  Nomex,  Kevlar  and  blends 

C0J  Carbon  liner  and  PAN 


n  0  0B 


o  □  —  __ 


Fabric  Thickness  (inches  at  0.63  psi) 

Figure  35.  Variations  of  Maximum  Temperature  Rise  of  Single  Layers  and 
Fabric  Assemblies  with  Fabric  Thickness 
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VI.  SUMMARY  AND  CONCLUSIONS 

Measurements  of  strength  loss  and  ease  of  ignition  during  bilateral  ir¬ 
radiation  to  1.1  cal/cm2/sec  of  various  fabrics  used  in  Navy  shipboard  outer 
garments  have  shown  that  the  Nomex/Kevlar  materials  and  those  containing  a 
carbon  component  (PAN,  semi-carbon/Kevlar)  retain  strength  and  resist  ignition 
longer  for  their  weight  than  other  fabrics  in  the  test  series  including  those 
composed  of  cellulose  (cotton,  rayon),  wool  or  wool  blends,  or  coated  thermo¬ 
plastic  fabrics.  Fabrics  high  in  wool  content  may  or  may  not  resist  ignition 
well  depending  on  their  finishing  history,  but  generally  lose  strength  more 
rapidly  than  cotton  or  rayon  fabrics  of  the  same  weight.  Those  fabrics  that 
consist  primarily  of  a  thermoplastic  fraction  melt  readily  even  in  combination 
with  rubber  coating  materials. 

During  unilateral  irradiation  to  1.25  cal/cm2/sec  the  Nomex/Kevlar  blends 
and  PAN  fabric  tested  consistently  exhibited  low  heat  transfer  rates  to  an 
inner  surface  and  resisted  ignition  for  longer  times  than  other  fabrics  in  the 
series.  Transfer  of  heat  during  one-sided  radiation  of  fabrics  in  air  with 
ample  oxygen  available  during  heating  is  governed  principally  by  the  nature  of 
the  chemical  reactions  induced  in  the  material.  Exothermic  reactions,  even 
considerably  prior  to  ignition,  can  generate  sufficient  heat  in  irradiated 
materials  that  the  amount  of  heat  transferred  to  an  inner  surface  exceeds  the 
heat  flux  incident  on  the  outer  surface.  Fabric  geometry  has  little  effect  on 
heat  transfer  under  these  conditions. 

During  direct  impingement  by  a  gas  flame  at  2.2  cal/cm2/sec,  heat  trans¬ 
fer  is  primarily  conductive  and  depends  principally  on  fabric  thickness  and 
material  type.  The  lack  of  oxygen  in  the  immediate  vicinity  of  the  flame 
prevents  additional  generation  of  heat  within  the  exposed  fabric  from  chemical 
reactions.  A  PAN  fabric  and  a  polyester  outer  shell  with  a  wool  liner  per¬ 
formed  better  than  expected  for  their  thickness  under  these  conditions. 


As  concluded,  during  the  previous  investigation,  it  can  again  be  stated 
on  the  basis  of  the  comparisons  of  fabric  behavior  contained  herein  that 
tnicker,  heavier  fabrics  composed  of  the  more  heat-resistant  materials  offer 
better  protection  to  high  impinging  heat  fluxes.  Such  fabrics  can  provide 
precious  additional  seconds  for  escape  from  the  vicinity  of  a  fire  before 
their  strength  is  lost  and  ignition  occurs. 
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Table  1 

Tensile  Proper  tit*  in  tha  Karp  Direction  of  Havy  Shipboard  ttork  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Beat  Flux  Levels 


fabric  Description 


Radiant 
Heat  Flux 
(cal/ce2/sec) 


Heater  Modulus 

Teep  Exposure  Tine  (sec)  (lbs/inch  width/ 
(°C)  At  Start  At  Rupture  unit  strain) 


Rupture 

Load 

(lbs/inch 

width) 


Fabric  #30 
1001  cotton 
10.1  os/sq  yd 


0.2 


0.3 


O.JS 


20 

270 


330 


400 


— 

— 

Avg . 

2290 

122 

0 

3 

1900 

114 

1040 

100 

1710 

96 

Avg . 

1020 

106 

5 

• 

1940 

98 

2030 

90 

2000 

89 

Avg. 

2020 

92 

10 

13 

2140 

76 

2130 

78 

2000 

82 

Avg. 

2120 

79 

20 

23 

1850 

to 

2000 

60 

1930 

62 

Avg. 

1952 

61 

40 

43 

1710 

40 

1710 

43 

1610 

40 

Avg. 

1600 

41 

0 

3 

1930 

93 

1780 

93 

1780 

97 

Avg. 

1830 

93 

5 

0 

1890 

68 

1840 

66 

1740 

66 

Avg. 

1820 

67 

10 

13 

1130 

30 

1470 

44 

1410 

41 

1420 

46 

1400 

45 

Avg. 

1380 

41 

20 

21 

420 

3 

350 

5 

390 

5 

Avg. 

390 

5 

0 

3 

1040 

84 

1850 

87 

1890 

91 

Avg. 

1860 

90 

5 

0 

1670 

54 

1650 

54 

1520 

57 

Avg. 

1610 

55 

10 

12 

900 

21 

830 

17 

960 

26 

Avg. 

900 

21 

20 

21 

60 

<1 

70 

<1 

70 

<1 

Avg. 

70 

<1 

Strength 

Retention 

_ l») 

100 


#7 


75 


S3 


so 


34 


70 


55 


34 


4 


72 


45 


17 


<1 


79 


Appendix  Table  1  (cant) 


1 


\ 

A, 


r 

r 


i 

« 

» 

K 

<*, 


! 


i 

N 

s 

> 

,n 

( 

* 

« 

» 

* 

i 


a 

i 

c 

V 

*» 


w 

> 

Ik 

r 

r 

> 

c 

> 

I 

\ 


T*n*U#  Propart ia*  in  tha  Warp  Direction  of  Navy  Shipboard  Work  Clothing  Fabric*  During 
r.*|0«ui«  t*»  Vai  t«»ua  BlU(«ul  IUUUhC  Ht«<  Flu*  Urala 


Radiant 

Heat  Flux 

Fabric  Description  (cal/cm2/sec) 

Heater 

Teep 

(°C) 

Exposure  Tie# 
At  Start  A 

(sec) 

Rupture 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

(») 

Fabric  138  (conti  0.8 

500 

0 

3 

1690 

73 

1650 

69 

1730 

*9 

Avq. 

1690 

70 

57 

5 

7 

500 

10 

690 

20 

750 

16 

440 

13 

720 

19 

Avq. 

660 

16 

13 

10 

12 

40 

1 

40 

1 

40 

2 

Avq. 

40 

T 

1 

0.8 

560 

0 

3 

1470 

54 

1480 

59 

1500 

60 

Avq. 

1480 

58 

48 

5 

6 

150 

2 

40 

1 

210 

3 

Avq. 

130 

2 

2 

Fabric  *70  - 

20 

_ 

_ 

Avq. 

700 

83 

100 

80/20  prR 

rayon/polyetter  0.2 

270 

0 

7 

610 

74 

8.6  os/sq  yd 

680 

73 

630 

73 

Avq. 

640 

73 

88 

5 

a 

590 

70 

600 

68 

560 

67 

Avq. 

590 

68 

82 

10 

15 

560 

63 

560 

63 

560 

62 

Avq. 

540 

63 

76 

20 

25 

530 

52 

560 

57 

520 

57 

Avq. 

540 

55 

66 

60 

64 

430 

21 

450 

26 

3(0 

16 

460 

35 

480 

41 

Avq. 

440 

28 

34 

0.3 

350 

0 

6 

560 

64 

550 

65 

540 

67 

560 

65 

78 

5 

11 

510 

53 

530 

56 

460 

53 

Avq. 

500 

54 

65 

80 


Appendix  Table  X  (coat) 


Tensile  Properties  in  the  harp  Direction  of  Navy  Shipboard  Mark  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Beat  Plus  bevels 


Radiant 

Heater 

Heat  Flux 

Teep 

Pabric  Description 

(cal/ca^/sec) 

(°C) 

Fabric  #70  (cent) 

0.3 

350 

0.35  400 


0.6  500 


0.8  560 


Exposure 
At  start 

Ties  (sec) 

At  Rupture 

Modulus 

(Ibs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

10 

IS 

350 

32 

360 

35 

370 

35 

Avg. 

360 

34 

20 

23 

200 

9 

130 

5 

1*0 

9 

Avg. 

ISO 

8 

25 

27 

91 

4 

32 

1 

34 

1 

Avg. 

52 

2 

0 

6 

550 

55 

540 

58 

550 

58 

Avg. 

550 

57 

5 

10 

330 

31 

380 

34 

350 

34 

Avg. 

350 

33 

10 

14 

240 

17 

170 

9 

240 

15 

270 

15 

260 

19 

Avg. 

240 

15 

20 

— 

Avg. 

0 

0 

0 

5 

430 

33 

470 

39 

420 

30 

Avg. 

440 

34 

5 

7 

70 

3 

80 

3 

60 

3 

Avg. 

70 

3 

0 

4 

350 

IS 

370 

21 

390 

21 

Avg. 

370 

20 

5 

— 

Avg. 

0 

0 

Strength 

Retention 

_ til _ 

41 

10 

2 

67 

40 


18 

0 

41 

3 

24 

0 


81 


Appendix  Table  1  (cent) 


Tensile  Properties  in  the  Warp  Direction  of  Navy  Shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Beat  Flux  Levels 


Fabric  Descript. 'n 


Fabric  110 
rayon  warp 
cotton  fill 
8.2  os/sq  yd 


Radiant 
Heat  Flux 
(cal/cm^/sec 


Heater 

Temp 

(°C) 


Rupture 

Modulus 

Load 

Strength 

Exposure 

Tiae  (sec) 

(lbs/inch  width/ 

(lbs/irch 

Retention 

At  Start 

At  Rupture 

unit  straini 

width) 

(») 

— 

— 

Avg. 

2760 

222 

100 

0 

6 

1770 

153 

1730 

175 

1800 

190 

1810 

176 

1950 

170 

Avg. 

1810 

173 

78 

5 

11 

1910 

166 

1030 

168 

1920 

183 

1890 

187 

1900 

187 

Avg. 

1730 

182 

82 

10 

16 

2000 

178 

2240 

170 

2180 

ISO 

Avg. 

2140 

176 

79 

20 

25 

1930 

155 

2230 

192 

2180 

163 

2200 

191 

2310 

192 

Avg. 

2170 

179 

81 

60 

65 

1840 

157 

2110 

161 

2090 

160 

Avg. 

2013 

159 

72 

0 

7 

1230 

172 

1250 

171 

1330 

183 

1240 

164 

1320 

167 

Avg. 

1270 

171 

7’ 

s 

11 

1850 

171 

1880 

170 

1790 

160 

1850 

154 

1720 

157 

Avg. 

1820 

162 

73 

10 

14 

1670 

129 

2050 

146 

1880 

148 

1510 

124 

1500 

132 

Avg. 

1720 

136 

61 

20 

24 

900 

77 

790 

80 

*20  r* 

930  * 

66 

66 

900 

70 

Avg. 

870 

72 

32 

60 

61 

430 

6 

340 

5 

573 

6 

Avg. 

450 

6 

3 

82 


Appendix  table  1  (coat) 
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i 

’%  Tensile  Properties  in  the  Harp  Direction  of  Navy  Shipboard  Nock  Clothing  Fabrics  During 


•  ' 

* 1 
< 

\ 

1 

rabric  DescriDtion 

Ssposure 

Radiant 
Heat  Flux 
(cal/cn2/sec) 

to  Various  Bilateral  Radiant  Heat  Flux  levels 

Hester  Modulus 

Teap  Exposure  Ties  (sec)  (lbs/inch  width/ 

(°C)  At  Start  At  Rupture  unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Fabric  110  (cent) 

0.35 

400 

0 

6 

1630 

197 

•  * 

1580 

189 

», 

1730 

179 

Avq. 

1650 

188 

i 

5 

10 

1770 

123 

1710 

117 

1800 

117 

V. 

Avg. 

1760 

118 

'*♦ 

10 

14 

830 

S3 

V 

910 

64 

V 

li 

920 

61 

| 

Avq  . 

890 

59 

20 

21 

420 

6 

,*S 

340 

5 

t-s 

390 

6 

s 

Avg. 

380 

6 

el 

£ 

0.6 

SCO 

0 

5 

1530 

131 

» 

1480 

136 

T 

1410 

138 

i 

Avg. 

1480 

135 

5 

a 

860 

32 

i 

820 

28 

T 

870 

33 

Avg. 

850 

31 

1 

10 

— 

Avg. 

0 

0 

\ 

0.8 

560 

0 

3 

1270 

83 

1410 

93 

•j 

1380 

93 

\ 

Avg. 

1350 

90 

5 

5 

— 

Avg. 

— 

0 

% 

Fabric  134 

— 

20 

_ 

_ 

Avg. 

790 

107 

• 

80/20  PFR  rayon/Nonex 

« 

• 

7.0  os/sq  yd 

0.2 

270 

0 

8 

770 

87 

) 

800 

93 

N 

750 

91 

Avg. 

770 

90 

> 

5 

12 

770 

91 

“ 

770 

92 

» 

750 

89 

% 

Avg. 

760 

91 

» 

10 

17 

710 

76 

3 

720 

84 

). 

780 

88 

*5 

Avg. 

740 

83 

* 

20 

26 

760 

72 

.* 

790 

69 

1 

720 

66 

J 

\ 

Avg. 

750 

69 

d 

l 

60 

65 

690 

39 

m 

760 

51 

a 

770 

SB 

0 

m 

Avg. 

740 

49 

/  1  83 


Strength 

Detention 

_ <51 

85 

53 

27 

3 

61 

14 

0 

41 

0 

100 

84 

85 

V 

64 

46 


Append ix  Table  1  (cent) 


Tensile  Properties  in  the  Harp  Direction  of  Navy  Shipboard  Mock  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Beat  Flux  bevels 


Radiant 

Heater 

Heat  Flux 

Tesp 

Exposure 

Fabric  Description 

(cal/cmVs  ec) 

(°C) 

At  Start 

Fabric  134  (cont) 

0.3 

350 

0 

S 


10 


20 


«0 


0.3S  400  0 


5 


10 


20 


0.6  500  0 


5 


0.8  560  0 


Tiae  (sec) 

At  Rupture 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

(*.) 

7 

750 

82 

730 

80 

740 

82 

Avg. 

740 

81 

76 

11 

750 

65 

720 

71 

690 

69 

Avg. 

720 

68 

64 

14 

610 

48 

630 

51 

640 

56 

Avg. 

630 

52 

49 

23 

250 

12 

140 

8 

290 

i.4 

Avg. 

230 

11 

10 

64 

230 

10 

210 

10 

230 

10 

Avg. 

220 

10 

9 

7 

640 

70 

560 

70 

670 

70 

'.vg. 

650 

70 

65 

10 

54C 

43 

550 

45 

500 

41 

Avg. 

530 

43 

40 

13 

220 

8 

220 

10 

170 

6 

Avg. 

200 

8 

7 

20 

170 

1 

130 

1 

110 

1 

Avg. 

130 

1 

1 

5 

510 

35 

480 

37 

450 

29 

Avg. 

480 

34 

32 

8 

10 

1 

40 

1 

50 

2 

Avg. 

40 

I 

1 

4 

400 

21 

350 

19 

730 

19 

Avg. 

360 

20 

19 

— 

Avg. 

— 

0 

0 

5 


4 


I 

t 

Appendix  Table  1  (coat) 

fenaile  reaper ties  in  the  Harp  Direction  of  Bavy  Shipboard  Nork  Clothing  rate lea  Curing 
>  Kxpoaure  to  Varioua  Bilateral  Badiant  Beat  Flua  Level* 


rabric  Deacription 

Badiant 

Beat  Plus 
(cal/ca2/s*c) 

Beater 

leap 

(°c; 

Exposure 
At  start 

Tiaj  (sec) 

At  Rupture 

Nodulua 

(lb*/ inch  width/ 
unit  strain) 

Rupture 

Low) 

(lba/inch 

width) 

Strength 

Retention 

(») 

Fabric  144 

_ 

20 

m  m 

_ 

Aeg. 

23S0 

148 

100 

100*  cotton 

1.2  os/aq  yd 

0.2 

270 

0 

s 

21S0 

117 

22SO 

115 

2110 

117 

Avg. 

2250 

116 

78 

s 

10 

2030 

91 

2000 

98 

2077 

94 

Aeg. 

2040 

95 

64 

10 

is 

1820 

82 

1820 

85 

J920 

83 

Avg. 

1850 

83 

56 

20 

23 

1890 

78 

1710 

74 

1710 

74 

Avg. 

1770  - 

76 

51 

60 

65 

1710 

70 

1720 

69 

1840 

70 

Avg. 

1960 

70 

47 

0.3 

ISO 

0 

5 

1770 

98 

1180 

74 

1800 

94 

1590 

85 

2050 

95 

Avg. 

1720 

89 

60 

s 

10 

1550 

64 

1470 

58 

1500 

64 

Avg. 

1510 

62 

42 

10 

IS 

1140 

51 

1260 

52 

1390 

53 

Avg. 

1130 

52 

35 

20 

24 

V90 

24 

760 

21 

1190 

39 

750 

18 

890 

26 

Avg. 

920 

26 

18 

60 

61 

80 

2 

100 

2 

140 

2 

Avg. 

110 

2 

1 

85 


Appendix  Table  1  (cont) 


Tensile  Properties  in  the  Warp  Direction  of  Navy  Shipboard  Wort  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  Flux  Levels 


Fabric  Description 

Radiant 

Heat  Flux 
<cal/c*2/sec) 

Heater 

Tewp 

(°C) 

»?xpoaure 

At  Start 

Fabric  <44  (cont) 

0.35 

400 

0 

S 


10 


20 


0.6  S00  0 


5 


0.8  560  0 


5 


Fabric  <50 

— 

20 

— 

100%  cotton 

6.4  o*/sq  yd 

0.2 

270 

0 

5 


10 


Tine  (sec) 

At  Rupture 

Modulus 

( lbs/ inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

<%) 

5 

1750 

87 

1280 

67 

1160 

57 

1670 

85 

1500 

78 

Avg. 

1470 

75 

51 

10 

1310 

54 

1150 

47 

1410 

54 

Avg. 

1290 

52 

35 

14 

770 

21 

810 

25 

770 

22 

Avg. 

7f*0 

23 

16 

21 

70 

1 

70 

2 

80 

2 

Avg. 

70 

2 

1 

5 

830 

43 

1230 

53 

850 

39 

Avg. 

970 

45 

30 

7 

100 

1 

60 

2 

20 

2 

Avg. 

60 

2 

<1 

4 

260 

10 

780 

33 

730 

26 

500 

19 

580 

19 

Avg. 

560 

21 

14 

— 

Avg. 

- 

- 

0 

— 

Avg. 

1890 

118 

100 

5 

2080 

100 

1800 

90 

1760 

90 

Avg. 

1880 

90 

76 

10 

1990 

82 

1740 

70 

1740 

69 

Avg. 

1820 

74 

63 

15 

1540 

59 

1710 

62 

1540 

61 

Avg. 

1600 

61 

52 

86 


Appendix  Table  1  (coot) 


Tansila  Properties  in  the  Karp  Direction  of  Bavy  shipboard  Mork  Clothing  pabrlea  During 
exposure  to  Various  Bilateral  Badiant  Beat  Plus  Levels 


Fabric  Description 

Badiant 

Beat  Flux 

(cal/ce^/sec) 

Beater 

Teep 

_£=!_ 

exposure  Ties  (see) 

At  Start  At  Rupture 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/ inch 
width) 

Strength 

Rstentioi 

. . 131 _ 

Fabric  ISO  (cent) 

30 

25 

1400 

52 

1550 

55 

1530 

54 

Avg. 

1520 

54 

46 

<0 

44 

1000 

50 

1610 

49 

1650 

51 

Avg. 

1700 

S3 

45 

0.3 

3S0 

0 

5 

1700 

77 

1660 

72 

1690 

71 

Avg. 

1600 

75 

64 

5 

10 

1700 

54 

1660 

50 

1690 

56 

Avg. 

1680 

53 

45 

10 

15 

1160 

40 

1310 

39 

1300 

40 

Avg. 

1290 

42 

36 

20 

24 

900 

23 

990 

25 

1040 

26 

Avg. 

900 

25 

21 

<0 

<2 

190 

3 

170 

6 

190 

4 

Avg. 

100 

4 

3 

0.  35 

400 

0 

4 

1390 

57 

1470 

57 

1390 

55 

Avg. 

1420 

56 

47 

5 

f 

1290 

43 

1260 

42 

1230 

40 

Avg. 

1260 

42 

36 

10 

14 

710 

19 

550 

13 

770 

16 

Avg. 

600 

17 

14 

20 

22 

90 

2 

00 

1 

50 

1 

Avg. 

70 

1 

1 

o.« 

500 

0 

4 

990 

33 

900 

39 

010 

32 

Avg. 

900 

35 

30 

5 

7 

110 

3 

00 

2 

40 

2 

Avg. 

00 

2 

2 

87 


Appendix  Table  1  (cont) 


Tensile  Properties  in  the  Marp  Direction  of  Havy  Shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  Flux  Level* 


Rupture 

Radiant  Heater  Modulus  Load 

Heat  Flux  reap  Exposurt  Tlee  (sec)  (lbs/inch  width/  (lbs/inch 

Fabric  Description  (caVce2/sec)  (°C)  at  Start  At  Rupture  unit  strain)  width) 


Fabric  450  (cont) 

o.a 

560 

Fabric  |37 

1004  cotton 

_ 

20 

5.1  oz/sq  yd 

0.2 

270 

0.3  350 


0.35  400 


0.6  500 


0.B  560 


0 

4 

500 

18 

640 

22 

570 

23 

Avg. 

570 

21 

5 

— 

Avg. 

— 

0 

— 

— 

Avg. 

170 

19 

0 

14 

120 

13 

ISO 

17 

150 

15 

Avg. 

140 

15 

5 

17 

90 

8 

110 

11 

80 

_9 

Avg. 

90 

9 

10 

21 

60 

6 

50 

6 

70 

7 

Avg. 

60 

6 

20 

28 

30 

4 

50 

6 

40 

4 

Avg. 

40 

5 

60 

65 

20 

2 

10 

1 

10 

1 

Avg. 

10 

I 

0 

9 

50 

4 

30 

4 

50 

4 

Avg. 

40 

4 

5 

10 

10 

1 

10 

1 

10 

1 

Avg. 

10 

1 

10 

13 

— 

>0.5 

— 

>0.5 

— 

>0.5 

Avg. 

— 

>0.5 

0 

7 

20 

2 

20 

2 

20 

2 

Avg. 

20 

2 

5 

9 

— 

>0.5 

— 

>0.5 

— 

>0.5 

Avg. 

— 

>0.5 

0 

4 

— 

>0.5 

— 

>0.5 

— 

>0.5 

Avg. 

— 

>0.5 

0 

0 

Avg. 

0 

0 

Strength 
Retention 
_ 111 

18 

0 

100 

7* 

49 

32 

26 

5 

22 

6 

2 

9 

1 

1 

0 


88 


Appendix  ratal*  1  (coatl 


Tensile  Properties  in  th«  Marp  Direction  of  tny  Shipboard  Mock  Clothing  fabric*  During 
Exposure  to  Various  Bilatoral  Radiant  Mat  flux  L*v*ls 


Radiant 

Haatar 

Baat  flux 

Tawp 

fabric  Description 

(cal/ca^/aac) 

(°C) 

fabric  121 

,.r  m  m 

20 

lOOt  wool 

15.7  os/sq  yd 

0.2 

270 

0.3  350 


Rupture 

Modulus  Load 

Bxpoaura  Wat  (aacl  (lb*/ inch  width/  (lba/lnch 
At  Start  At  Rupture  unit  strain)  width) 


— 

— 

Awg. 

290 

54 

0 

12 

200 

44 

190 

43 

240 

45 

Awg. 

210 

45 

5 

18 

220 

44 

210 

44 

220 

44 

Awg. 

220 

45 

10 

22 

240 

45 

230 

43 

230 

44 

Awg. 

230 

45 

20 

31 

270 

47 

270 

48 

240 

47 

Awg. 

270 

47 

(0 

«• 

220 

35 

230 

35 

190 

31 

Awg. 

210 

34 

0 

14 

220 

42 

180 

40 

170 

42 

Awg. 

190 

42 

5 

17 

200 

42 

220 

45 

200 

39 

Awg. 

210 

42 

10 

22 

220 

39 

210 

33 

220 

39 

Awg. 

220 

37 

20 

2> 

150 

18 

170 

21 

210 

27 

200 

24 

180 

22 

Awg. 

180 

23 

30 

31 

__ 

<1 

— 

<1 

— 

<1 

Awg. 

_ 

<1 

89 


Strang th 
Retention 

(%) 


100 


•0 


«0 


80 


84 


(1 


73 


75 


«• 


41 


<1 


Appendix  Table  1  (cont) 


Tensile  Properties  in  the  Warp  Direction  of  Havy  Shipboard  Work  Clothing  fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  flux  Levels 


Radiant 

Heat  Flux 

Fabric  Description  (cal/cm^/aec) 

Heater 

Tesp 

<°C) 

Exposure 

At  Start 

Tise  (sec) 

At  Rupture 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

LosJ 

(lbs/inch 

width) 

Strength 

Retention 

(») 

Fabric  121  (cont)  0.3S 

400 

0 

12 

210 

45 

130 

41 

210 

38 

Avg. 

210 

41 

73 

S 

15 

190 

30 

200 

29 

210 

34 

Avg. 

200 

31 

>5 

10 

20 

210 

30 

190 

29 

180 

34 

Avg. 

190 

31 

48 

20 

23 

50 

2 

65 

3 

65 

3 

Avg, 

60 

3 

5 

25 

— 

Avg. 

— 

0 

0 

0.6 

500 

0 

9 

230 

35 

210 

33 

210 

31 

Avg. 

220 

33 

59 

5 

11 

ISO 

18 

180 

18 

180 

17 

Avg. 

180 

18 

32 

10 

12 

— 

<1 

1 

<1 


Avg. 

— 

<1 

<1 

0.8 

560 

0 

8 

210 

23 

200 

23 

190 

21 

Avg. 

200 

22 

39 

5 

9 

100 

6 

120 

7 

110 

6 

Avg. 

110 

6 

11 

10 

— 

Avg. 

— 

0 

0 

90 


•ffMtll  Tabla  t  (ODBC) 


Tans 11*.  Propartirs  in  tha  Harp  oiraetton  of  Havy  fthipboard  Mock  Clothing  fabrics  During 
'biposura  to  Various  Bilataral  kadiant  Hast  Plus  Laval* 


fabric  Dascription 

Radiant 

Hast  Plus 
<cal/ca3/sac) 

Baa tar 

(°C) 

Espoaura 
At  Start 

fabric  128 

__ 

20 

90/10  wool/nylon 

8.2  os/sq  yd 

0.2 

270 

0 

S 


10 


20 


(0 


0.3  330  0 


5 


10 


20 


0.33  4C0  0 


3 


10 


20 


Tina  (sac) 
At  Ruotura 

Modulus 

(lbs/ inch  width/ 
unit  strain) 

Ruptura 

Load 

(lbs/inch 

width) 

Strangth 

Ratantion 

(1) 

— 

Avg. 

200 

35 

100 

14 

90 

22 

90 

29 

100 

24 

Avg. 

90 

23 

71 

17 

120 

22 

130 

24 

90 

27 

Aff. 

110 

24 

49 

22 

130 

21 

130 

24 

150 

28 

Avg. 

140 

24 

49 

30 

120 

20 

120 

22 

120 

20 

Avg. 

120 

21 

40 

70 

90 

15 

100 

15 

100 

18 

Awg. 

100 

14 

44 

IS 

SO 

19 

110 

21 

80 

19 

Avg. 

90 

20 

57 

ia 

70 

15 

100 

18 

90 

17 

Avg. 

90 

14 

44 

18 

90 

10 

90 

9 

100 

14 

Arg. 

90 

11 

31 

23 

40 

<1 

so 

1 

so 

1 

Avg. 

SO 

I 

2 

U 

140 

23 

140 

23 

140 

25 

Avg. 

130 

24 

49 

14 

120 

13 

120 

13 

120 

14 

Avg. 

120 

15 

43 

14 

40 

4 

70 

3 

40 

4 

Avg. 

40 

4 

11 

— 

Avg. 

0 

0 

0 

91 


Appendix  Table  1  (cont) 


Tensile  Properties  in  the  Warp  Direction  of  Navy  Shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  Flux  Levels 


Radiant 
Heat  Flux 

Fabric  Description  (cal/ce^/sec) 

Fabric  128  (cont)  0.6 


0.8 


Fabric  #25  - 

55/45  polyester/wool 

6.6  oz/sq  yd  0.2 


0.3 


0.  35 


Heacer 

Temp 

t°C) 

Exposure 
At  Start 

Tine  (sec) 

At  Rupture 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/ inch 
width) 

Strength 

Retention 

(%) 

500 

0 

7 

40 

3 

30 

3 

40 

3 

Avg. 

40 

3 

8 

5 

— 

Avg. 

0 

0 

0 

560 

0 

4 

20 

1 

20 

2 

20 

1 

Avg. 

20 

I 

4 

20 

— 

“ 

Avg. 

440 

92 

100 

270 

0 

11 

250 

48 

360 

48 

320 

48 

Avg. 

310 

48 

52 

5 

17 

190 

3? 

200 

44 

190 

41 

Avg. 

170 

41 

45 

10 

20 

190 

22 

166 

19 

210 

40 

220 

31 

210 

36 

Avg. 

200 

30 

33 

20 

27 

140 

12 

120 

11 

170 

16 

Avg. 

150 

13 

14 

60 

44 

100 

6 

90 

5 

90 

5 

Avg. 

90 

5 

5 

350 

0 

7 

130 

1C 

170 

70 

140 

17 

Avg. 

150 

19 

45 

5 

12 

50 

3 

40 

3 

40 

3 

Avg. 

40 

3 

7 

400 

0 

6 

110 

12 

90 

8 

120 

11 

Avg. 

110 

10 

24 

$ 

— 

Avg. 

0 

0 

0 

92 


AfPMdix  Table  1  (coat) 


Tanaila  Properties  in  the  Harp  oiraetlon  of  May  Shipboard  Work  clouting  Fabrics  During 
Exposure  to  Various  Silataral  Radiant  Hast  plus  Lavals 


Fabric  Description 

Radiant 

Beat  Plus 

(eal/ce2/sec) 

Baa tar 
Taap 

<°C> 

Sxposura  Tine  (sec) 
At  Start  At  JlUDtur* 

Modulus 

(lbs/inch  width/ 
unit  atrainl 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

(%) 

Fabric  #25  (cont) 

0.6 

too 

0 

2 

70 

69 

70 

67 

60 

60 

Avg.  70 

65 

6 

O.S 

560 

0 

2 

40 

1 

40 

1 

40 

1 

Aag.  40 

I 

1 

Fabric  I7S 

— 

20 

— 

_ 

Avg.  2170 

205 

100 

core  spun,  saai- 

carbon  Kevlar 

0.2 

270 

0 

1 

1720 

160 

15.4  oz/sq  yd 

1770 

169 

1740 

174 

Avg.  1740 

170 

5 

13 

1610 

171 

1500 

171 

1510 

172 

Avg.  1570 

171 

03 

10 

17 

1540 

170 

1600 

169 

1620 

170 

Avg.  .1590 

170 

03 

20 

26 

1520 

139 

1540 

159 

1610 

156 

Avg.  1560 

151 

74 

60 

65 

1400 

’.10 

1440 

11.. 

1320 

109 

Avg.  1420 

112 

55 

0.3 

350 

0 

< 

1340 

153 

1370 

152 

1290 

154 

Avg.  1330 

153 

75 

5 

12 

1440 

140 

1450 

155 

1300 

140 

Avg.  1430 

140 

72 

10 

16 

1260 

125 

1390 

136 

1420 

136 

Avg.  1030 

130 

63 

20 

26 

1130 

101 

1110 

104 

1200 

102 

Avg.  1150 

106 

52 

60 

62 

960 

39 

1010 

26 

A2I2 

27 

Avg.  1020 

31 

15 

93 


Appendix  Table  1  (cont) 


Tensile  Properties  In  tha  Warp  Direction  of  Wavy  Snipboard  wcrU  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Bast  Flux  Levels 


Ruptura 

Radiant  Baiter  Modulus  Load  Strength 

Heat  Flux  Teap  Exposure  Tlae  (sac)  v'ibs/inch  width/  (lbs/inch  Retention 


Fabric  Description  (cal/caysec)  <°C)  At  Start 
Fabric  #78  (cont)  0.3S  400  0 


& 


10 


20 


60 


0.6  S00  0 


5 


10 


20 


60 


O.a  560  0 


5 


10 


Rupture 

unit  strain) 

width) 

(*) 

S 

1210 

148 

1180 

148 

1190 

148 

Avg. 

1190 

148 

72 

12 

1270 

135 

1260 

139 

1320 

143 

Avg. 

1290 

139 

68 

16 

1060 

100 

1070 

100 

1240  - 

119 

Avg. 

1120 

106 

52 

25 

870 

63 

840 

63 

390 

69 

Avg. 

870 

65 

32 

62 

990 

29 

960 

28 

1010 

28 

Avg. 

990 

28 

14 

7 

1160 

133 

1240 

136 

1170 

120 

Avg. 

1190 

130 

63 

11 

980 

78 

1110 

87 

930 

78 

Avg. 

1000 

81 

40 

14 

500 

25 

560 

33 

480 

25 

Avg. 

510 

26 

14 

22 

420 

11 

460 

12 

440 

13 

Avg. 

440 

12 

6 

61 

660 

13 

650 

11 

Avg. 

640 

650 

A1 

12 

6 

7 

1080 

96 

1040 

106 

Avg. 

1100 

1070 

110 

104 

51 

10 

740 

51 

710 

49 

740 

47 

Avg. 

730 

49 

24 

13 

200 

10 

170 

8 

Avg. 

liS 

290 

13 

10 

5 

94 


Appendix  Table  1  learnt} 


Tensile  rroptrtiti  in  the  Harp  Direction  of  Wavy  iMpboard  work  Clothing  Fabric*  During 
Expoaure  to  various  ailatoral  Radiant  Boat  Flux  Lav* I a 


Fabric  Description 

Radiant 

H>K.t  Flux 

tc*l/c»2/»*c) 

Raatar 

Twp 

l°C) 

Exposure  Tin*  (sec) 
At  Start  At  Ruoture 

Modulus 

(lbs/incb  width/' 
unit  strain) 

Rupture 

Load 

(lbs/ inch 
width) 

Strength 

Retention 

(t) 

Fabric  #78  (cent) 

20 

22 

580 

13 

540 

12 

580 

12 

Avg.  580 

12 

6 

80 

(1 

940 

12 

890 

14 

820 

12 

Avg.  880 

13 

6 

Fabric  |7S 

— 

20 

_ 

.  , 

Avg.  8430 

439 

100 

1008  Kavlar 

8.3  ow/rq  yd 

0.2 

270 

0 

C 

7670 

330 

7670 

340 

6310 

30C 

Avg.  7220 

330 

75 

3 

u 

8770 

320 

7180 

320 

8770 

340 

Avg.  8240 

330 

74 

10 

13 

6820 

283 

8130 

294 

7500 

318 

Avg.  7490 

298 

68 

20 

23 

6310 

234 

7760 

263 

7420 

273 

Avg.  7160 

266 

61 

60 

83 

7500 

244 

6740 

263 

6960 

270 

Avg.  7070 

260 

39 

0.3 

330 

0 

8 

8230 

283 

7760 

304 

7420 

280 

Avg.  7800 

291 

60 

3 

10 

6030 

236 

7160 

233 

7670 

237 

Avg.  6960 

249 

37 

10 

IS 

6890 

203 

6750 

206 

6960 

203 

Avg.  6870 

205 

67 

20 

2S 

3630 

136 

3320 

ISO 

3670 

186 

Avg.  5370 

165 

38 

60 

83 

3690 

118 

4090 

123 

4290 

129 

Avg.  4020 

124 

28 

95 


Appendix  Table  1  (cent) 


Tensile  Properties  in  the  Warp  Direction  of  Kavy  Shipboard  Pork  Clothing  Fabric*  During 
Exposure  to  Various  Bilateral  Radiant  Beat  rlux  Levels 


rubric  Description 

Radiant 

Meat  Flux 

(cal/CT*2/aeC) 

Beater 

Teap 

(°C) 

Exposure  Tine  Oec', 
At  Start  At  RuDtur* 

Modulus 

(lbs/ inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

(4) 

Fabric  175  (cont) 

0.  35 

400 

0 

8 

7580 

277 

7370 

268 

7380 

271 

Avg.  7440 

272 

62 

5 

10 

5920 

192 

6430 

182 

8190 

191 

Avg.  6180 

183 

43 

10 

IS 

4290 

120 

4360 

127 

4150 

127 

Avg.  4270 

125 

28 

20 

24 

3380 

93 

3510 

92 

3420 

96 

Avg.  3430 

94 

21 

80 

84 

1850 

58 

2050 

57 

2080 

57 

Avg.  1990 

57 

13 

0.8 

500 

0 

5 

5770 

190 

5110 

177 

5190 

186 

Avg.  5380 

184 

42 

5 

9 

3180 

84 

2780 

80 

3380 

2? 

Avg.  3110 

81 

IS 

10 

14 

1590 

40 

1390 

37 

1650 

41 

Avg.  1540 

39 

9 

20 

24 

1230 

34 

1440 

38 

1380 

38 

Avg.  1350 

37 

8 

80 

83 

1090 

26 

940 

29 

880 

25 

Avg.  970 

25 

4 

O.S 

140 

0 

S 

4820 

123 

4430 

136 

4910 

137 

Avg.  4720 

132 

30 

s 

9 

I860 

45 

1550 

44 

17i0 

45 

Avg.  1710 

45 

10 

10 

13 

1040 

34 

1130 

33 

1180 

35 

Avg.  1120 

14 

8 

20 

22 

440 

12 

520 

15 

530 

17 

Avg.  500 

IS 

1 

96 


Appendix  Table  1  (coat) 


Tanaila  Properties  in  the  Harp  Direction  of  Mavy  Shipboard  Mork  Clothing  Pabrica  During 
Bxpoaura  to  Various  Bilateral  Badiant  Beat  Plus  Levels 


Fabric  Description 

Fabric  #47 
lnot  Ncaex 
8.1  os/nq  yd 


Radiant 

Heat  Flux 
:al/ca2/s«c) 

Heater 

Teep 

<°C> 

Sx do sura  Tiae  (sec) 
At  Start  At  Rupture 

Modulus 

(lbs/ inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

— 

23 

— 

— 

Avg. 

soo 

152 

100 

0.2 

270 

0 

IS 

500 

172 

540 

130 

520 

125 

»*9. 

520 

142 

93 

3 

20 

480 

114 

440 

108 

500 

124 

Avg. 

480 

114 

74 

10 

25 

SOO 

122 

460 

113 

490 

122 

Avg. 

483 

119 

78 

20 

33 

4«0 

115 

430 

108 

450 

112 

Avg. 

4S0 

112 

73 

<0 

73 

430 

104 

450 

109 

440 

104 

Avg. 

440 

104 

70 

0.3 

330 

0 

15 

440 

111 

480 

107 

480 

114 

Avg. 

470 

111 

73 

3 

IS 

390 

80 

430 

84 

430 

91 

Avg. 

420 

84 

57 

10 

22 

400 

71 

390 

71 

380 

79 

Avg. 

390 

74 

49 

20 

32 

340 

72 

350 

44 

340 

72 

Avg. 

350 

70 

44 

•0 

73 

370 

70 

34C 

64 

340 

70 

Avg. 

340 

69 

45 

0.33 

400 

0 

14 

400 

80 

420 

84 

430 

91 

Avg. 

410 

(4 

57 

3 

17 

350 

45 

330 

40 

323 

55 

Avg. 

330 

40 

39 

10 

22 

300 

53 

310 

5* 

110 

11 

Avg. 

310 

53 

35 

*7 


Appendix  TsOl*  1  (coot) 


Tanail*  Properties  in  the  Narp  Direction  of  Navy  Shipboard  Work  Clothing  Fabrics  During 
i  Exposure  to  Various  Bilateral  Radiant  Heat  Flux  levels 


Rupture 


Radiant 

Heater 

Modulus 

Load 

Strength 

Heat  Flux 

Te^s 

Exposure  Tine 

(»«c> 

(lbs/inch  width/ 

(lbs/ inch 

Retention 

Fabric  Description 

(cal/ca^/sec) 

-1°CJ 

At  Start  At 

Rupture 

unit  strain) 

width) 

(%) 

Fabric  147  (cont) 

20 

30 

290 

43 

330 

43 

310 

so 

Avg. 

310 

45 

30 

60 

68 

310 

31 

320 

37 

270 

28 

Avg. 

300 

32 

21 

0.6 

500 

0 

11 

250 

39 

230 

43 

240 

43 

Avg. 

240 

42 

28 

5 

12 

130 

12 

170 

19 

150 

16 

Avg. 

110 

16 

11 

10 

IS 

60 

6 

50 

5 

40 

4 

Avg. 

50 

5 

3 

0.8 

560 

0 

8 

160 

23 

160 

21 

160 

19 

Avg. 

160 

21 

14 

5 

9 

50 

5 

40 

4 

50 

4 

Avg. 

so 

4 

3 

Fabric  174 

— 

20 

_ 

_ 

Avg. 

4750 

202 

100 

50/50  Nonex/Kevlar 

6.0  or/sq  yd 

0.2 

270 

0 

4 

4170 

164 

3920 

158 

3970 

162 

Avg. 

4020 

161 

80 

5 

9 

4190 

151 

4410 

150 

4040 

154 

Avg. 

4220 

152 

75 

10 

15 

3500 

137 

3180 

133 

4030 

144 

Avg. 

3570 

138 

68 

20 

25 

3750 

133 

3550 

134 

3600 

139 

Avg. 

3630 

135 

67 

60 

65 

3290 

136 

3070 

129 

3380 

129 

Avg. 

3250 

131 

69 

98 
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Appendix  Table  1  (coat) 


Tanaila  Properties  la  the  Harp  Direction  of  navy  Shipboard  Work  clothing  Fabrics  During 
Ixpoaure  to  Various  Bilateral  Badiaat  Baat  Plus  Levels 


Fabric  Description 
Fabric  #71  (coot) 


Radiant  Beater 
Heat  Flux  Tevp 

(cal/cs^/sec)  (°C) 

0.3  350 


0.33  400 


0.6  300 


Exposure  Tiae  (sec) 
At  Start  At  Rusture 

Modulus 

(lba/inch  width/ 
unit  strain) 

Rupture 

Load 

(lba/inch 

width) 

Strength 

Retention 

( %; 

0  3 

3990 

144 

3800 

144 

3910 

140 

Avg.  1900 

143 

7.1 

5  10 

3000 

108 

3140 

110 

3000 

108 

Avg.  3030 

109 

54 

10  15 

2970 

86 

2430 

89 

2700 

91 

Avg.  2700 

89 

44 

20  25 

2330 

89 

2330 

81 

2500 

87 

Avg.  2390 

86 

43 

60  63 

2330 

84 

2410 

84 

2290 

84 

Avg.  2350 

84 

42 

0  3 

3860 

132 

3800 

132 

3860 

132 

Avg.  3840 

132 

65 

5  10 

2700 

85 

2650 

93 

2900 

91 

Avg.  2750 

90 

43 

10  13 

2600 

78 

2030 

79 

2390 

88 

Avg.  2340 

82 

41 

20  24 

1530 

46 

1330 

49 

1690 

54 

Avg.  1590 

SO 

23 

60  64 

1140 

39 

1100 

38 

1110 

38 

Avg.  1120 

38 

19 

0  4 

2330 

77 

2430 

78 

2480 

72 

Avg.  2480 

76 

38 

5  9 

1090 

29 

1220 

32 

1440 

33 

Avg.  1230 

32 

16 

10  14 

940 

23 

930 

23 

840 

21 

Avg.  900 

22 

11 

99 


Appendix  Table  1  (cent) 


Tensile 


Fabric  Description 
Fabric  174  (cent) 


Fabric  #73 
95/5  Nomex/Kevlar 
5.  3  oz/aq  yd 


Properties  in  the  Harp  Direction  o«  navy  Shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  Flux  Levels 


Radiant 

Heat  Flux 
(cal/c«2/sec) 

Heater 

Teap 

<°C) 

Exposure  Tise  (sec) 

At  Start  At  Ruptur* 

Modulus 

(lbs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/ inch 
width) 

Strength 

Retention 

(t) 

20 

24 

560 

15 

520 

13 

510 

15 

Avg. 

530 

14 

7 

60 

62 

290 

10 

290 

9 

240 

7 

Avg. 

270 

9 

4 

0.8 

5f  3 

0 

5 

1990 

53 

1890 

53 

1890 

55 

Avg. 

1950 

54 

27 

5 

9 

990 

19 

980 

22 

850 

22 

Avg. 

940 

21 

10 

10 

14 

590 

14 

520 

13 

510 

13 

Avg. 

540 

13 

6 

20 

22 

190 

4 

210 

5 

220 

5 

Avg. 

210 

5 

2 

2S 

25 

80 

1 

90 

1 

70 

1 

Avg. 

80 

I 

<1 

— 

20 

— 

— 

Avg. 

2090 

129 

100 

0.2 

270 

0 

6 

1780 

102 

1790 

104 

1780 

106 

Avg. 

1780 

104 

81 

s 

10 

1580 

95 

1530 

101 

1430 

91 

Avg. 

1510 

96 

74 

10 

IS 

1320 

85 

1380 

87 

1320 

89 

Avg. 

1340 

87 

67 

20 

25 

1220 

84 

1270 

82 

1240 

87 

Avg. 

1240 

84 

65 

60 

65 

1390 

86 

1380 

84 

1530 

87 

Avg. 

1430 

86 

67 

100 


Appendix  Table  1  (cent) 


Tensile  Properties  in  the  Warp  Direction  of  Savr  Shipboard  Work  Clothing  Fabrics  During 
exposure  to  various  Bilateral  kadiant  seat  Flux  Levels  ^ 


Fabric  Description 
Fabric  173  (cont) 


kadiant  Beater 
Beet  Flux  Teap 

(cal/ce^/aec)  (°C) 

0.3  350 


0.35  400 


0.4  500 


Rupture 

Modulus 

Load 

Strength 

exposure  Ties  (seel 

_  ( lbs/ inch  width/ 

(lba/inch 

Retention 

At  start 

At  Rupture  unit  strain) 

width) 

(t) 

0 

5 

1200 

69 

1230 

71 

1290 

76 

Avg 

.  1240 

72 

56 

5 

9 

890 

47 

870 

48 

840 

47 

Avg, 

870 

47 

36 

10 

14 

840 

34 

740 

42 

720 

43 

Avg. 

700 

40 

31 

20 

24 

640 

36 

690 

39 

730 

39 

Avg. 

670 

38 

29 

<0 

<4 

640 

41 

590 

37 

Avg. 

660 

630 

41 

40 

31 

0 

4 

1420 

78 

1420 

80 

1320 

78 

Avg. 

1390 

79 

61 

5 

9 

840 

40 

700 

36 

Avg. 

850 

800 

41 

39 

30 

10 

14 

600 

28 

700 

30 

700 

34 

Avg. 

660 

31 

24 

20 

23 

480 

22 

530 

28 

570 

30 

Avg. 

530 

27 

21 

(0 

42 

440 

19 

440 

19 

520 

20 

Avg. 

470 

19 

15 

0 

3 

1260 

53 

1290 

48 

130 

46 

Avg. 

1300 

49 

36 

5 

7 

370 

10 

370 

9 

420 

11 

Avg. 

380 

10 

8 

10 

11 

70 

2 

90 

2 

90 

2 

Avg. 

80 

2 

2 

101 


Appendix  Table  1  (coot) 


Tensile  Properties  in  the  Warp  Direction  o t  Wavy  shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Beat  Flux  Levels 


Fabr ic  Description 


Radiant 
Beat  Flux 

(cal/cn^/sec) 


Heater 

T*«p 

(°C) 


Exposure  Tiae  I  sec) 
At  Start  At  Rupture 


Modulus 

(lbs/inch  width/ 
unit  strain) 


Rupture 

Load 

(lbs/inch 

width) 


Fabric  173  (cont)  0.8  560 


Fabric  <39 

— 

20 

nylon,  butyl  coated 

12.5  ox/ sq  yd 

0*2 

270 

0.3  350 


0.35  400 


0 

2 

1110 

35 

1140 

37 

1090 

34 

Avg. 

1110 

35 

5 

t 

40 

2 

50 

2 

50 

2 

Avg. 

50 

2 

— 

— 

Avg. 

1120 

173 

0 

13 

720 

97 

/  20 

101 

730 

101 

Avg. 

730 

100 

5 

18 

590 

97 

580 

96 

630 

96 

Avg. 

600 

96 

10 

23 

530 

94 

540 

95 

540 

96 

Avg. 

540 

95 

20 

32 

500 

91 

480 

89 

490 

98 

Avg. 

490 

93 

to 

72 

400 

81 

420 

79 

490 

79 

Avg. 

400 

79 

0 

12 

570 

71 

580 

72 

590 

74 

Avg. 

560 

73 

5 

14 

410 

53 

400 

57 

400 

57 

Avg. 

400 

56 

10 

17 

350 

42 

340 

41 

380 

50 

> 

< 

4 Q 

360 

44 

20 

23 

40 

3 

49 

3 

. .  , 

70 

6 

Avg. 

50 

4 

0 

8 

470 

50 

480 

54 

490 

53 

Avg. 

480 

52 

5 

10 

290 

32 

260 

28 

290 

29 

Avg. 

280 

30 

Strength 

Retention 

_ ill _ 
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Appendix  Table  1  (coat) 


Tanalla  Properties  in  the  Harp  Direction  of  Havy  Shipboard  work  Clothing  fabrics  During 
exposure  to  Various  Bilateral  Radiant  Heat  flux  Levels 


fabric  Description 
fabric  #39  (cont) 


Fabric  IS 

cotton,  resin  Modi¬ 
fied,  butyl  coated 
10.3  oz/mq  yd 


Radiant 

Rupture 

Heater 

Modulus 

Load 

Strength 

Heat  rlux 
(cal/co2/aec) 

Teap 

l°C) 

Exposure  Tine  f«ec) 

At  Start  At  Rupture 

(lbs/ inch  uidth/ 
unit  strain) 

(lbs/ inch 
uidth) 

Retention 

(»> 

10  11 

140 

9 

120 

7 

-  4 

ISO  7 


140 

8 

’*g. 

140 

7 

4 

IS 

IS 

Aug. 

0 

0 

0 

O.C 

soo 

0 

4 

300 

26 

370 

2( 

400 

32 

Avg. 

3«0 

28 

16 

s 

5 

Avg. 

0 

0 

0 

0.8 

SCO 

0 

3 

300 

17 

3(0 

20 

300 

13 

Avg. 

320 

17 

10 

s 

S 

Avg. 

0 

0 

0 

— 

20 

— 

— 

Avg. 

1300 

72 

100 

0.2 

270 

0 

s 

1300 

(8 

12(0 

58 

1090 

57 

Avg. 

1220 

(1 

83 

s 

10 

1270 

(0 

12(0 

53 

1140 

49 

Avg. 

1230 

54 

75 

10 

14 

1310 

54 

1180 

45 

1230 

4( 

Avg. 

1241 

48 

(7 

20 

23 

10(0 

42 

1130 

42 

1020 

34 

Avg. 

1070 

39 

34 

«0 

<5 

1030 

33 

1040 

40 

940 

32 

Avg. 

1010 

3( 

50 

0.3 

ISO 

0 

S 

7(0 

30 

S40 

39 

Avg. 

m 

840 

39 

3( 

50 

5 

10 

770 

32 

8S0 

3( 

920 

32 

Avg. 

SSO 

33 

46 

10 

13 

790 

30 

750 

28 

S40 

28 

Avg. 

790 

29 

40 

103 


Appendix  Table  1  (cont) 


Tensile 


Fabric  Description 
Fabric  15  (cont) 


Fabric  #32 
nylon,  neoprene 
coated 
7.7  oz/sq  yd 


Properties  in  the  Warp  Direction  of  Kavy  Shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  Flux  Levels 


Radiant  Heater 

Heat  Flux  Teep 

:al/c*2/sec)  (°C) 

Exposure  rise  (sec) 

At  Stert  At  Rupture 

Modulus 

(lba/inch  width/ 
unit  strain) 

Rupture 

Load 

(lba/inch 

width) 

Strength 

Retention 

(t) 

20 

25 

790 

27 

810 

27 

850 

32 

Avg. 

820 

29 

40 

60 

62 

50 

1 

60 

1 

30 

1 

Avg. 

so 

T 

1 

0.35 

400 

0 

3 

1160 

50 

1210 

43 

1220 

49 

Avg. 

1200 

47 

65 

5 

10 

750 

27 

910 

31 

880 

33 

Avg. 

850 

30 

42 

10 

IS 

700 

23 

820 

24 

800 

25 

Avg. 

780 

24 

33 

20 

22 

90 

1 

40 

1 

100 

3 

Avg. 

80 

2 

3 

0.6 

500 

0 

3 

1020 

36 

890 

30 

820 

33 

Avg. 

910 

33 

46 

s 

9 

29G 

8 

130 

3 

160 

6 

Avg. 

190 

6 

8 

10 

10 

Avg. 

0 

0 

0 

0.8 

560 

0 

s 

680 

23 

610 

22 

610 

21 

Avg. 

630 

22 

31 

3 

3 

Avg. 

0 

0 

0 

— 

20 

— 

— 

Avg. 

1440 

138 

100 

0.2 

270 

0 

7 

1050 

120 

1130 

125 

1130 

125 

Avg. 

1100 

123 

70 

3 

12 

930 

110 

990 

no 

650 

99 

Avg. 

920 

no 

67 

10 

16 

750 

83 

790 

102 

750 

94 

Avg. 

760 

93 

59 

104 


Apptndil  Tlbl*  1  (flltt 


Tensile  Properties  in  the  Harp  Direction  of  navy  Shipboard  work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  kadi  ant  Beat  Plus  bevels 


Fabric  Description 

Radiant 

Heat  Flux 
(cal/ca2/sec) 

Heater 

Tesp 

(°C) 

Exposure  Tine  (sec) 

At  Start  At  Rupture 

Modulus 

(Ibs/inch  width/ 
unit  strain) 

Rupture 

Load 

(lbs/inch 

width) 

Strength 

Retention 

_ 

Fabric  132  (cont) 

20 

2( 

680 

95 

740 

94 

670 

93 

Avg. 

700 

94 

59 

0.3 

350 

0 

7 

630 

70 

640 

6S 

640 

70 

Avg. 

340 

59 

44 

5 

12 

4(0 

62 

400 

50 

400 

52 

Avg. 

430 

55 

35 

10 

15 

310 

31 

340 

34 

300 

31 

Avg. 

310 

32 

20 

IS 

15 

Avg. 

0 

0 

0 

0. 35 

400 

0 

« 

490 

48 

440 

48 

570 

61 

Avg. 

500 

52 

33 

5 

( 

270 

20 

300 

25 

290 

21 

Avg. 

290 

22 

14 

10 

10 

Avg. 

0 

0 

0 

o.« 

590 

0 

« 

3(0 

25 

430 

32 

400 

29 

Avg. 

400 

29 

18 

5 

5 

Avg. 

0 

0 

0 

o.a 

5(0 

0 

3 

450 

20 

440 

1( 

460 

20 

Avg. 

450 

19 

12 

5 

5 

Avg. 

0 

0 

0 

Fabric  •!( 

20 

_ 

— 

Avg. 

350 

67 

100 

nylon,  poly¬ 

urethane  coated 

0.2 

270 

0 

14 

210 

30 

3.1  os/sq  yd 

190 

29 

210 

21 

Avg. 

200 

30 

45 

5 

IS 

130 

29 

120 

31 

130 

30 

Avg. 

130 

30 

45 

105 


Appendix  Table  1  (cent) 

Tensile  Properties  in  the  Warp  Direction  of  Wavy  Shipboard  Work  Clothing  Fabrics  During 
Exposure  to  Various  Bilateral  Radiant  Heat  Plux  Levels 


Fabric  Description 
Fabric  IIS  (cont) 


Radiant 
Heat  Flux 

ra 1 /c«2 /Her 


Heater 

Teap 


Fabric  |72 
PAN 

15.6  oz/sq  yd 


Exposure  Tlae  [seel 


Rupture 

Load 


Strength 


(°C)  At  Start  At  Rupture  unit  strain) 


(lbs/inch  width/  ( lbs/inch  Retention 


10 

24 

90 

23 

120 

29 

120 

28 

Avg. 

110 

26 

39 

20 

33 

90 

22 

120 

30 

100 

28 

Avg. 

110 

27 

40 

60 

72 

120 

28 

130 

30 

130 

28 

90 

120 

4 

7 

| Belted 

Avg. 

120 

19 

28 

0 

5 

140 

7 

120 

7 

140 

a 

Avg. 

130 

7 

10 

5 

6 

— 

1 

2 

Avg. 

— 

1 

1 

2 

0 

3 

150 

7 

150 

6 

170 

7 

Avg. 

160 

7 

10 

5 

5 

Avg. 

0 

0 

C 

0 

1 

170 

3 

160 

3 

160 

3 

Avg. 

160 

3 

5 

0 

1 

160 

3 

160 

2 

160 

2 

Avg. 

160 

2 

3 

— 

— 

Avg. 

3010 

163 

100 

0 

6 

2410 

127 

2500 

130 

2780 

138 

Avg. 

2570 

128 

79 

5 

11 

2130 

131 

2000 

136 

2130 

131 

Avg. 

2080 

133 

82 

10 

15 

1900 

129 

I860 

121 

1900 

129 

Avg. 

1890 

130 

90 

20 

24 

1840 

121 

1970 

131 

1901 

137 

Avg. 

1900 

130 

90 

106 


Appendix  Table  1  (coot) 

Tamil*  Properties  in  the  Karp  Direction  of  Mavy  shipboard  Mock  Clothing  Fabrics  During 


Exposure  to  Various 

■ilateral 

Radiant  Heat  Flux 

Levels 

Radiant  Heater 

• 

Modulus 

Rupture 

Load 

Strength 

Heat  Flux  Teap 

Exposure  Tin*  (sec) 

(Ibs/inch  width/ 

(lbs/inch 

Retention 

Fabric  Description 

(cal/cn2/s<c)  ('’C) 

At  Start 

At  Rupture 

unit  strain) 

width) 

(%) 

Fabric  «72  (cont) 

(0 

S3 

1920 

84 

1930 

91 

1930 

87 

Avg. 

1930 

87 

S3 

0.3  330 

0 

S 

1990 

113 

2050 

121 

2000 

113 

Awg. 

2010 

116 

71 

3 

• 

1710 

126 

1710 

126 

1840 

123 

Avg. 

1750 

125 

77 

10 

14 

1840 

125 

1780 

118 

1550 

115 

Avg. 

1720 

119 

73 

20 

23 

1370 

95 

1410 

94 

1580 

88 

Avg. 

1590 

92 

36 

so 

so 

600 

6 

1000 

8 

600 

6 

Avg. 

730 

7 

4 

0.33  400 

0 

S 

1780 

113 

1590 

113 

1670 

123 

Avg. 

1680 

116 

71 

3 

10 

1630 

120 

1840 

128 

1563 

115 

Avg. 

1679 

121 

74 

10 

14 

1610 

108 

1710 

109 

1640 

100 

Avg. 

1650 

105 

64 

20 

22 

1890 

S3 

1040 

43 

1210 

50 

Avg. 

1380 

so 

31 

SO 

SO 

1190 

8 

800 

6 

Avg. 

_Z2S 

930 

i 

7 

4 
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Appendix  Table  1  (cent) 


Tensile  Properties  in  the  Harp  Direction  of  Navy  Shipboard  Work  Clothing  Fabrics  Curing 
Exposure  to  Various  bilateral  Radiant  Heat  Flux  lavels 


Fabric  description 


Radiant  Heater 

Heat  Flux  Teap 

(cal/ca2/aec)  (°C) 


Exposure  Tlae  (sec) 
At  Start  At  Rupture 


Modulus 

(lbs/inch  width/ 
unit  strain) 


Rupture 

Load 

(lbs/ inch 
width) 


Fabric  172  (cont) 


0 

6 

1350 

125 

1310 

118 

1410 

120 

Avg. 

1360 

121 

5 

9 

1500 

90 

1510 

95 

1550 

90 

Avg. 

1520 

92 

10 

13 

950 

33 

900 

39 

950 

35 

Avg. 

930 

36 

20 

20 

680 

4 

650 

3 

550 

4 

Avg. 

660 

4 

0 

3 

1340 

103 

1380 

108 

1330 

109 

Avg. 

1350 

107 

5 

8 

1270 

68 

1290 

68 

1270 

65 

Avg. 

1280 

67 

10 

11 

610 

8 

590 

8 

620 

U 

Avg. 

610 

9 

IS 

15 

470 

3 

440 

3 

350 

2 

Avg. 

420 

3 

Strength 

Retention 

(%> 


74 


56 


22 


2 


66 


41 


6 


2 


108 


Appendix  Table  2 


Tiaa  to  Ignition  foe  levy  Shipboard  Work  clothing  Fabric*  hgond  to  Bilateral  Badiant  Beat 


Fabric  Description 

Radiant 
Beat  Flux 

(cal/c«2/sac) 

Baatar 

Ta«P 

270 

Tina  to  Ignition 
(seconds) 

Snoka  Generation 

Fabric  *36 

1006  cotton 

0.2 

Bo  ignition,  2  win 

Light  snoka  at  45  seconds 

13.3  os/sq  yd 

0.3 

350 

Glow  Only 
*0 

75 

Avg.  03 

Madlua  snoka  at  55  second l 

0.35 

600 

Glow  Only 

50 

so 

50 

Avg.  50 

heavy  snoka  at  35  seconds 

0.6 

500 

17 

21 

10 

Avg.  l» 

Heavy  snoka  at  IS  seconda 

o.s 

560 

t 

10 

11 

Avg.  10 

Nedlun  snoka  at  0  seconds 

o.» 

600 

6 

6 

6 

Avg.  6 

Light  sank*  at  5  seconds 

1.1 

650 

4 

4 

1 

Avg.  4 

Light  snoka  at  3  seconds 

Fabric  (3S 
loot  cotton 

0.2 

270 

Mo  ignition,  2  ala 

Mo  snoka  generation 

10.3  os/aq  yd 

0.3 

350 

Mo  ignition,  2  nln 

Nadiun  snoka  at  30  seconds 

0.3S 

400 

Mo  ignition,  2  nln 

Nadiun  snoka  at  15  seconds 

0.6 

500 

Glow,  15  seconds 

Heavy  snoka  at  5  seconds 

O.S 

560 

5 

5 

I 

Avg.  6 

Light  snoka  at  45  seconds 

o.« 

600 

5 

5 

1 

Avg.  5 

Median  snoka  at  4  seconds 

i.l 

650 

2 

3 

2 

Avg.  3 

Heavy  snoka  at  ignition 
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Appendix  Table  2  (coot) 

Tie*  to  Ignition  (or  Navy  shipboard  Work  Clothing  Fabrics  Exposed  to  Bilateral  Radiant  Heat 


Fabric  Description 

Fabric  170 
80/20  PFR 
rayon/polyester 
8.6  ox/sq  yd 


Fabric  171 
80/20  PFR  rayon/ 

Moaex 

8.5  ox/sq  yd 


Radiant 

Heat  Flux 
(cal/ce^/sec) 

Beater 

Tes*> 

<°c> 

Ties  to  Ignition 
(seconds) 

Saoke  Generation 

0.3 

350 

MO  ignition,  2 

■in 

Med i us  saoke  at  30  seconds 

0.35 

400 

Mo  ignition,  2 

■in 

Med i us  saoke  at  20  seconds 

0.6 

500 

Mo  ignition,  2 

■in 

Heavy  saoke  at  6-9  seconds 

0.8 

560 

6 

6 

5 

Avg.  5 

Med i us  saoke  at  4  seconds 

0.9 

600 

4 

3 

5 

3 

3 

Avg.  3 

Mediua  saokn  at  2-3  seconda 

1.1 

650 

2 

2 

2 

Avg.  2 

Heavy  saoke  at  ignition 

0.2 

270 

Mo  ignition,  2 

■in 

Light  saoke  at  6G  seconds 

0.3 

350 

No  ignition,  2 

■in 

Heavy  sanke  at  20  seconds 

0.35 

400 

Mo  ignition,  2 

■in 

Heavy  saoke  at  15  eoconds 

0.6 

500 

7 

• 

8 

Avg.  > 

He*  ry  aaoke  at  6  seconds 

0.8 

560 

3 

6 

5 

Avg.  5 

Light  saoke  at  4  seconds 

0.9 

600 

4 

4 

4 

Avg.  4 

Light  saoke  at  3  seconda 

1.1 

650 

3 

3 

3 

Avg.  3 

No  aaoke  generation 
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Appendix  Table  2  (coat) 

Tlae  to  Ignition  foe  Ntvy  Shipboard  Work  Clothing  Fabrics  Exposed  to  Bilateral  fcadiant  Beat 


Radiant  Beater 

Beat  Flux  Teap  Ties  to  Ignition 

Fabric  Description  (cal/ca^/sec)  (°C)  _ (seconds)  _  _ Snots  Generation 


Fabric  110 

0.2 

270 

Ho  ignition,  2  Bin 

Bo  aaoke  generation 

rayon  warp 

cotton  fill 

0.3 

350 

Sloe 

Light-oedlua  aaoke  at  43-90  seconds 

S.2  os/aq  yd 

0.35 

400 

M 

70 

A eg.  02 

aloe 

aedlon  hesey  aaoke  at  20-25  seconds 

0.4 

540 

34 

30 

30 

Aeg.  32 

•  14 

Baaey  aaoke  at  7-19  seconds 

0.* 

SCO 

•  * 

o  ^  m 

H  H| 

e 

I 

Light  aaoke  at  5  seconds 

0.* 

coo 

•  c 

3 _ 

Aeg.  C 

5 

Light  aaoke  at  4  seconds 

1.1 

450 

5 

i 

Aeg.  5 

4 

Light  aaoke  at  3  seconds 

Fabric  134 

0.2 

270 

4 

1 

Aeg.  4 

Bo  ignition,  2  nla 

Bo  noke  generation 

•0/20  pfr  rayon /Bones 

7.0  oa/sq  yd 

0.3 

350 

Bo  ignition,  2  ain 

Nedlua-haasy  aaoke  at  20  seconds 

0.35 

400 

Bo  ignition,  3  ala 

Baaey  aaoke  at  13  seconds 

0.. 

500 

• 

Issey  aaoke  at  7  seconds 

0.0 

SCO 

• 

1 

Aeg.  0 

4 

Medina-heavy  aaoke  at  2  seconds 

o.» 

coo 

3 

3 

Aeg.  3 

2 

Light  sank a  at  1  second 

1.1 

C50 

2 

1 

2 

1 

Light  aaoke  at  <1  second 

2 

1 

keg.  1 
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Appendix  Table  2  (coot) 

Tine  to  Ignition  for  Navy  Shipboard  Work  clothing  Fabrics  Exposed  to  Bilateral  Radiant  Heat 


Fabric  Description 


Radiant 
■eat  Flux 
csl/cn^/sec 


Heater 

Te«p 

(°C) 


Tlae  to  Ignition 
( seconds) _ 


Books  Generation 


Fabric  • 37  0.2  270  Ho  ignition,  2  sin  No  saoke  generation 

100*  cotton 


5.1  o*/sq  yd 

0.3 

350 

Glow  Only 

35 

35 

35 

35 

Med i us  saoke  at  10  seconds 

0.35 

400 

Avg. 

Glow  Only 

21 

23 

23 

22 

Madiua  to  heavy  at  10  seconds 

C.4 

500 

Avg. 

6 

6 

5 

6 

Medlua  saoke  at  4  seconds 

0.3 

560 

Avg. 

4 

4 

4 

4 

Light  saoke  at  3  seconds 

0.9 

600 

Avg. 

3 

3 

3 

3 

Light  saoke  at  2  seconds 

1.1 

650 

Avg. 

2 

2 

2 

2 

Light  ssnke  at  1  second 

Fabric  148 

1004  cotton 

4.3  ox/sq  yd 

0.2 

0.3 

270 

350 

No  ignition,  2  sin 

81 

No  saoke  generation 

Light  ssnke  at  10  seconds 

Avg. 

90  (glow  only) 

81 

0.35 

400 

Avg. 

30  Madiua  to  heavy  saoke  at  25  seconds 

33 

35  (glow  only) 

32 

O.C 

500 

Avg. 

13 

14 

13 

13 

Medlua  ssnke  at  12  seconds 

0.8 

560 

Avg. 

7 

9 

8 

1 

Light  saoke  at  7  seconds 

0.9 

COO 

Avg. 

6 

7 

6 

6 

Light  saoke  at  5  seconds 

1.1 

650 

5 

Light  saoke  at  3  seconds 

3 

5 


Avg.  4 
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Appendix  Table  2  (coat) 

Tiae  to  Ignition  for  Navy  Shipboard  work  Clctblng  Fabrics  Exposed  to  Bilateral  Radiant  Heat 


Fabric  Descr lotion 

Radiant 
Beat  Flux 
(cal/cw^/aec) 

Heater 

Teap 

•  270 

Tlae  to  Ignition 
(seconds) 

Gnoke  Generation 

Fabric  #21 

0.2 

*o  ignition,  2  sin 

No  aaoke  generation 

loot  wool 

15.7  os/sq  yd 

0.3 

350 

No  ignition,  2  win 

Nediun  awoke ;  slight  tntuaescent 

0.35 

400 

No  ignition,  2  sin 

char  at  60-70  seconds 

Mediuak-heavy  awoke,  intuwe scent 

0.6 

500 

Glow 

char  at  35  seconds 

Heavy  awoke i  intuwe scent  char  at 

O.S 

560 

105 

110 

120 

Avg.  112 

Glow  with  snail 

15-20  seconds 

Heavy  swoke,  intuwe scent  char  at 

0.9 

600 

ilaas 

60 

54 

63 

Avg.  56 

33 

15  seconds 

Heavy  swoke,  lntuaescent  char  at 

1.1 

650 

44 

35 

Avg.  37 

34 

9-12  seconds 

Heavy  swoke,  intuwe scent  char  at 

Fabric  163 

0.2 

270 

14 

11 

31 

33 

Avg.  24 

No  ignition,  2  Bin 

7-10  seconds 

Medium  sacks,  slight  welting  at  80 

70/30  wool/wodacrylic 
12.8  os/sq  yd 

0.3 

350 

No  ignition,  2  ain 

seconds 

Madluw  sacks  at  55  seconds 

0.35 

400 

No  ignition,  2  ain 

Heavy  awoke,  slight  welting  at  30 

0.6 

500 

Melts  apart  at  13 

seconds 

Medium  sacks  at  12  seconds 

0.8 

560 

Melts  apart  at  9 

bight  sacks  at  5  seconds 

0.9 

600 

Malta  apart  at  8 

Madluw  swoke  at  2  seconds 

1.1 

650 

Melts  apart  at  6 

Heavy  swoke  at  6  seconds 

Fabric  123 

0.2 

270 

No  ignition,  2  ain 

bight  sacks  at  40  seconds 

100%  wool 

12.3  os/sq  yd 

0.3 

ISO 

No  ignition,  2  ain 

Medium  swoke,  intuwe scent  char 

0.35 

400 

No  ignition,  2  ain 

45-50  seconds 

Heavy  swoke  at  35,  lntuaw  scent  char 

0.6 

500 

Malta  apart  at  13 

at  40  seconds 

Heavy  swoke  at  6-9  seconds 

0.8 

560 

Malta  apart  at  10 

bight  awoke  at  4  seconds 

0.9 

600 

Melts  apart  at  8 

Beavy  swoke  at  1  second 

1.1 

650 

Malta  apart  at  6 

Heavy  sacks  at  1  second 
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Appendix  Table  2  (coot) 

Tine  to  Ignition  for  Navy  Shipboard  Mork  Clothing  Fabrics  Kxposed  to  Bilateral  Kadiant  Beat 


Radiant 
Heat  Flux 


Fabr lc  Deacr lotion 


Beater 

T*«P 

-tSSL. 


Tiae  to  Ignition 
_ (seconds) 


Smoko  Oeneratlcn 


Fabric  <46  0.2 

270 

Ho  ignition,  2 

■In 

Ho  saoke  generation 

100*  wool 

(aothproof- treated)  0.3 

350 

Ho  ignition,  2 

■in 

Medlua  aaoke  at  70,  light  intu- 

11.6  os/aq  yd 

aescent  char  at  75  seconds 

0. 35 

400 

Ho  ignition,  2 

■in 

Heavy  aaoke,  intuna scant  char 

at  45-50  seconds 

O.C 

500 

S2 

Heavy  saoke,  intuaw scent  char  at 

70 

20  seconds 

SO 

Awg. 

77 

o.s 

560 

53 

Heavy  saoke,  intuneacent  char  at 

5S 

15  seconds 

51 

Aeg. 

54 

o.s 

too 

47 

Heavy  saoke,  intumaacent  char  at 

44 

13  seconds 

45 

Avg. 

45 

1.1 

650 

43 

Heavy  saoke,  lntuaascent  char  at 

36 

9  seconds 

30 

Arg. 

37 

Fabric  162  0.2 

270 

Ho  ignition,  2 

■in 

Medlua  aaoke,  slight  aelting  at  110 

70/30  wool/aodacrylic 

seconds 

11.5  ox/aq  yd 

0.3 

350 

Ho  ignition,  2 

■in 

Heavy  saoke  at  45  seconds 

0.33 

400 

Ho  ignition,  2 

■in 

Heavy  saoke,  slight  salting  at  20 

seconds 

0.6 

500 

Clew  Only 

Heavy  saoke,  salting  at  10  seconds 

55 

70 

75 

Arg. 

<7 

O.S 

560 

Melts 

apart  at 

7 

Medlua  aaoke  at  2  seconds 

0.9 

<00 

Malta 

apart  at 

< 

Medlua  aaoke  at  2  seconds 

1.1 

<50 

Melts  apart  at 

S 

Heavy  aaoke  at  4  seconds 
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Appendix  Table  2  (coat) 

Tine  to  Ignition  for  Navy  Shipboard  Nork  Clothing  Fabrics  ttpoirt  to  Bilateral  Radiant  Heat 


Fabric  baser iot ion 

Radiant 

Hast  Flux 
(cal/cs^/sec) 

Heater 

Tesp 

<°c> 

Tina  to  Ignition 
(seconds) 

S  no  Ice  Generation 

Fabric  428 

90/10  wool/nylon 

0.2 

.  270 

No  ignition,  2  sin 

No  ssoke  generation 

8.2  oz/sq  yd 

0.3 

350 

No  ignition,  2  sin 

Light-nedius  smoke  slight  intu- 
aascent  char  at  45  seconds 

0.35 

400 

No  ignition,  2  sin 

Medium- heavy  smoke,  intuneacent 
char,  slight  salting  at  20-25 
seconds 

0.6 

500 

Glow 

90 

120 

105 

Avg.  105 

Snail 

Beavy  ssoke,  intuneacent  char  at 

10  seconds 

0.8 

560 

Glow  rlase 

25  30 

21  24 

25  32 

Avg.  24  29 

Beavy  saeke,  Intuneacent  char  at 

10  seconds 

0.9 

600 

21 

18 

15 

Avg.  18 

Beavy  ssoke,  intusescent  char  at 

8  seconds 

1.1 

650 

19 

12 

10 

Avg.  14 

Beavy  ssoke,  intusescent  char  at 

6  seconds 

Fabric  #25 

55/4S  polyester/wool 

0.2 

270 

Mo  ignition,  2  sin 

No  ssoke  generation 

6.6  oz/sq  yd 

0.3 

350 

No  ignition,  2  sin 

No  ssoke  generation 

0.35 

400 

No  ignition,  2  sin 

Heavy  ssoke,  melting  at  15  seconds 

0.6 

500 

No  ignition,  2  sin 

Heavy  ssoke,  melting  at  8-10  seconds 

0.8 

560 

Glow 

25 

30 

20 

Avg.  25 

Beavy  ssoke,  salting  at  4  seconds 

0.9 

600 

2 

a 

H|H  M  H* 

Beavy  ssoke,  salting  at  6-9  seconds 

1.1 

650 

3 

3 

3 

Avg.  3 

Medium  ssoke  at  2-3  seconds 
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Appandiz  Tabla  2  (cont) 

Tim  to  Ignition  for  Navy  Shipboard  Dork  Clothing  Fabrics  tzpoaad  to  Bilataral  Radiant  Hast 


Fabric  Dascriotion 

Radiant 
Boat  Flos 
(cal/ca^/aaet 

Saatar 

fa-P 

1°Q 

Tiaa  to  Ignition 
(saconda) 

Saoke  Sanaration 

'-brie  145 

0.2 

270 

Ho  ignition,  2  ain 

Ho  aaoka  ganaration 

100%  acrylic 

9.7  oa/sq  yd 

0.3 

330 

Malts  apart  at  70 

Mad i us  aaoka  at  60 

0.35 

400 

Malts  apart  at  45 

Madlua  aaoka  at  35 

0.6 

500 

Malts  apart  at  12 

Light  aaoka  at  10  saconda 

0.1 

560 

Malts  apart  at  9 

Light  aaoka  at  8 

0.9 

600 

Malts  apart  at  8 

Light  aaoka  at  7  saconda 

1.1 

650 

Malts  apart  at  7 

Light  aaoka  at  6  saconda 

Fabric  |78 

0.2 

270 

Mo  ignition,  2  ain 

Mo  aaoka  ganaration 

cor •■pun,  a««i- 

carbon  Kavlar 

0.3 

350 

Mo  ignition,  2  ain 

Light  aaoka  at  25  aaconds 

15.4  os/sq  yd 

0.35 

400 

Mo  ignition,  2  ain 

Light  saoka  at  20  saconda 

0.6 

500 

Ho  ignition,  2  ain 

Light  sanka  at  15  aaconds 

0.6 

560 

Light  Slow  Onlv , 

40 

Light  aaoka  at  10  saconds 

0.9 

600 

Light  Small 
Glow  Flaaa 

30  90 

30  42 

30  82 

30  75 

30  80 

Avg.  30  74 

Light  sanka  at  8  aaconds 

1.1 

650 

25 

28 

21 

Avg.  25 

Light  to  sad i us  aaoka  at  8  saconds 

Fabric  #75 

0.2 

270 

Mo  ignition,  2  ain 

Mo  aaoka  ganaration 

1001  Xavlar 

8.3  os/aq  yd 

0.3 

350 

Mo  ignition,  2  ain 

Mo  aaoka  ganaration 

0.35 

400 

Ho  ignition,  2  ain 

No  aaoka  ganaration 

0.6 

500 

No  ignition,  2  ain 

MO  aaoka  ganaration 

0.8 

360 

Slow  Flaaa 

40  70 

50  70 

50  — 

40  — 

40  — 

Avg.  40  70 

Madlua  aaoka  at  35-45  saconds 

0.9 

600 

Plow  Flaaa 

20  43 

20  — 

25  36 

20  32 

20  26 

Avg.  21  34 

Madiua  aaoka  at  15  saconds 

1.1 

650 

23 

22 

21 

Avg.  22 

Madiua-haavy  aaoka  at  12  saconds 
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Appendix  Table  2  (cent) 

Ties  to  Ignition  for  Navy  shipboard  Mock  Clothing  Fabrics  Kxpoaad  to  Bilateral  Radiant  Beat 


Fabric  Description 

Radiant 
■eat  Flux 
(cal/c*3/sac) 

■eater 

Flaw  to  Ignition 
(seconds! 

Snoke  Generation 

Fabric  147 

0.2 

270 

■o  ignition.  2  sin 

No  anoke  generation 

1004  Nonas 

8.1  oi/aq  yd 

0.3 

350 

■o  ignition.  2  Bin 

No  anoke  generation 

0.3S 

400 

No  ignition,  2  sin 

Light  anoke  et  17  seconds 

0.4 

500 

No  ignition,  2  Bin 

Radius  anoke  at  10  seconds 

0.8 

560 

Melts.  10-13 

Nadiun  anoke  at  7  seconds 

0.9 

600 

Snail 
Sloe  Flane 

65  85 

75  95 

70  90 

i«g.  65  10 

Nediua  anoke  at  5  seconds. 

Belts  at  10 

1.1 

650 

43 

45 

45 

Avg.  44 

Nediua  aanke  at  4  seconds,  aelta 
at  7 

Fabric  174 

0.2 

270 

No  ignition,  2  sin 

No  saofce  generation 

SO/SO  Noaex/Xevlar 

4.0  os/aq  yd 

0.3 

350 

No  ignition,  2  sin 

No  anoke  generation 

0.35 

400 

No  ignition,  2  sin 

No  anoke  generation 

0.6 

500 

No  ignition,  2  Bin 

Light  saofce  at  15  seconds 

0.8 

560 

SiS 

30 

25 

25 

Avg.  27 

Nediua  saofce  at  8  seconds 

0.9 

too 

Oloe 

20 

15 

15 

Avg.  17 

Nediua  snoke  at  7  seconds 

1.1 

650 

19 

19 

17 

Avg.  18 

Nadlua-heavy  anoke  at  7  seconds 

Fabric  *73 

0.2 

270 

No  ignition,  2  ale 

No  snoke  generation 

93/S  Ncnex/Kevlar 

5.3  oa/eq  yd 

0.3 

350 

No  ignition,  2  Bin 

Light  aaofce  at  15  seconds 

0.35 

400 

No  ignition,  2  Bin 

Nediua  snoke  at  15  seconds 

0.6 

500 

No  ignition,  2  Bin 

Nediua  saofce  at  7  seconds 

0.8 

54v 

Light  Oloe,  40 

Nediua  snoke  at  5  seconds 

0.9 

600 

■Mil 

Oloe  Flane 

13  30 

20  35 

18  27 

Avg.  17  31 

Nediua  to  heavy  anoke  at  3-5 
aeoonda 

1.1 

650 

16 

19 

11 

Avg.  19 

Seevy  saoke  at  4  seconds 
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Appendix  Table  2  (coot) 


Tie*  to  Ignition  for  navy  Shipboard  work  Clothing  Fabrics  tx posed  to  Bilateral  Radiant  Beat 
Radiant  Beater 

Beat  Flux  Teap  Ties  to  Ignition 

Fabric  Deacrlptlon  (cal/ca3/aec)  (°C)  _ (aeconda)  _ Seoke  Generation _ 


Fabric  139 

0.2 

270 

nylon,  butyl  coated 

12.5  os/sq  yd 

0.3 

330 

0.33 

400 

O.f 

300 

O.S 

360 

0.9 

400 

1.1 

<50 

Fabric  #3 

cotton,  reain  Modi¬ 

0.2 

270 

fied,  butyl  coated. 

C.  3 

350 

10.5  oa/sq  yd 

0.33 

400 

O.f 

300 

O.S 

340 

0.9 

400 

Bo  ignition,  2  nin  Bo  aeoka  generation 
Belts,  20-25  Light  tanks  at  10  aeconda 


Malta,  12 


Light  saoke  at  8  aeconda,  blisters 
at  10 


Clow  Only 
23 
13 

IS 

Avg.  19 

9 

S 

8 

Avg.  S 

C 

t 

i 

A  eg.  < 

4 

5 
4 

Avg.  4 


Malta  at  5,  light  aaoke  and  blister¬ 
ing  at  S  seconds 


Blisters  at  4,  light  aaoke  and  Belt¬ 
ing  at  7  aeconda 


Light  aaoke  at  3  seconds 


Light  aaoke  at  3  seconds 


Bo  ignition,  2  ain  Mo  aaoke  generation 

Bo  ignition,  2  ain  Light  aaoke  at  IS  seconds 

Clot*  Only  Medina  saoke,  coating  Belts  expos- 

<5  lng  base  fabric  at  25  seconds 

*3 
<0 

Avg.  <3 

13  Nediua  saoke,  costing  aelts  at 

It  t  seconds 

1# 

Avg.  13 

7  Nediua  aaoke  at  3  seconds 

S 

7 

Avg.  7 

f  Light  saoke  at  3  seconds 

f 

3 

Avg.  f 


1.1 


fSO 


Avg. 


3 

5 

3 

5 


Light  sanke  at  3  seconds 
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Appendix  Table  2  (oast) 

fix*  to  ignition  tor  Navy  Shipboard  Mock  Clothing  ritela  Sapors d  to  Bilateral  Mediant  Hast 


Badlant 
Baat  Flux 

Meatar 

Tina  to  Ignition 

Fabric  Dascr lotion 

(cal/ca^/sec) 

(°e» 

(seconds) 

Sacks  Generation 

Fabric  #32 

0.2 

270 

Mo  ignition,  2  ain  bo  saoke  generation 

nylon,  naoprana 
coatad 

0.3 

■  350 

Malta,  15 

Light  sacks  at  10  seconds 

7.7  os/aq  yd 

0.35 

'.00 

Malta,  10 

Light  saoke  at  10  seconds 

0.6 

300 

Malta,  5 

Nediua-beavy  aaoke  at  5  seconds 

0.8 

540 

10 

Madiua  aaoke,  aalta  at  4  seconds 

12 

a 

11 

Avg.  11 

0.5 

400 

1 

* 

Nadiaa  aaoke,  aalta  at  4  seconds 

8 

Avg.  I 

1.1 

650 

3 

4 

Madiua  aaoke  at  4  seconds 

4 

Aff.  4 

Fabric  *18 
nylon,  polyurathana 

0.2 

270 

Malta  allghtly,  40 

Mo  aaoke  generation 

coatad 

3.1  os/aq  yd 

0.3 

350 

Malta,  10 

Light  aaoke  at  5  seconds 

0.33 

400 

Malta,  5 

Mo  noka  generation 

0.6 

500 

Malta,  4 

Bo  aaoka  generation 

0.8 

540 

Malts,  2 

Mo  sacks  generation 

0.9 

400 

Malta,  2 

Ho  aaoke  generation 

1.1 

430 

2 

MO  aaoke  generation.  Belts  at  1 

2 

A 

second 

Avg.  3 

rabric  #72 

FAN 

0.2 

270 

Mo  ignition,  2  ain 

No  saoke  generation 

15.8  Os/aq  yd 

0.3 

350 

No  ignition,  2  Bin 

Light  saoke  at  23  seconds 

0.35 

400 

Mo  ignition,  2  ala 

Light  aaoke  at  15  seconds 

0.8 

500 

Mo  ignition,  2  ala 

Medina  to  heavy  aaoke  at  10  seconds 

0.8 

340 

Light  glow,  30-33 

heavy  aaoke  at  10  seconds 

0.9 

400 

Light  glow,  30-35 

Madiua  aaoke  at  7  seconds 

1.1 

450 

Light  Basil 

Madiua  saoke  at  5  seconds 

clow  rUoa 
i«  24 

1*  32 

II  40 

Avg.  It  32 
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Appendix  Table  3 


Heat  Transfer  to  an  Underlying  Surface  f roe  Fabrics  Exposed  to 
various  Unilateral  Radiant  Beat  Flux  Levels 


Incident 

Radiant 

Heat  Flux  Radiant  Beat 


Fabric  No. 

Tine  (sec) 

Transfer 

(*) 

Fabric  Event  Description 

Single-Layer  Fabrics! 

. 

36 

0.40 

5 

5 

6 

33 

36 

55 

Initial  peak 

loot  cotton 

40 

40 

45 

64 

79 

76 

Mediua  saoke 

13.3  os/sq  yd 

54 

54 

52 

11 

63 

86 

laat  transfer  stabilises 

0.75 

4 

4 

4 

34 

34 

32 

initial  peak 

18 

17 

16 

46 

49 

39 

Ignition 

1.25 

7 

6 

6 

26 

28 

25 

Ignition 

38 

0.40 

3 

3 

3 

33 

50 

31 

Initial  peak 

100%  cotton 

25 

25 

25 

60 

60 

50 

Light  saoke 

10.3  ox/ so  yd 

45 

48 

45 

67 

64 

57 

Heat  transfer  stabilises 

0.75 

2 

2 

2 

40 

38 

37 

Initial  peak 

15 

14 

12 

118 

116 

119 

Mediua  saoke 

25 

20 

20 

77 

87 

80 

Heat  transfer  stabilises 

1.25 

JL 

2 

2 

31 

29 

30 

Initial  peak 

7 

8 

8 

68 

80 

82 

Ignition 

70 

0.40 

3 

3 

3 

44 

so 

48 

Initial  peak 

80/20  PFR  rayon/ 

25 

23 

25 

135 

111 

108 

Melting 

polyester 

45 

40 

40 

61 

61 

68 

Heat  transfer  stabilises 

8.6  ox/sq  yd 

0.75 

3 

2 

2 

34 

42 

27 

Initial  peak 

13 

11 

10 

114 

135 

129 

Melting,  heavy  saoke 

25 

30 

40 

63 

75 

80 

Heat  trapsfer  stabilises 

1.25 

2 

2 

2 

32 

30 

34 

Initial  peak 

5 

5 

5 

73 

76 

79 

Ignition 

71 

0.40 

4 

4 

4 

45 

53 

53 

Initial  peak 

80/20  PFR  rayon/ 

25 

25 

25 

17 

108 

117 

Light  aeoke 

Noeex 

45 

45 

40 

64 

65 

75 

Heat  transfer  stabilises 

1.5  os/sq  yd 

0.75 

3 

3 

2 

53 

52 

49 

Initial  peak 

13 

11 

f 

114 

93 

*6 

Heavy  saoke 

— 

— 

10 

— 

— 

96 

Ignition 

30 

25 

— 

71 

61 

— 

Heat  transfer  stabilises 

1.25 

2 

2 

2 

33 

34 

33 

Initial  peak 

4 

4 

4 

SO 

47 

42 

Ignition,  heavy  saoke 

10 

0.40 

4 

4 

3 

40 

40 

38 

Initial  peak 

rayon  varp/ 

35 

35 

30 

62 

60 

52 

Heat  tranafer  stabilises 

cotton  fill 

6.2  os/eq  yd 

0.75 

2 

2 

2 

43 

45 

46 

Initial  peak 

IS 

— 

15 

70 

— - 

85 

Ignition  with  aediua  saoke 

1* 

27 

26 

•6 

140 

140 

Maxima  heat  transfer 

1.25 

2 

2 

2 

38 

29 

31 

Initial  peak 

5 

5 

5 

51 

34 

31 

Ignition,  heavy  saoke 

17 

5 

25 

60 

34 

46 

Naxiaua  heat  transfer 

121 


Appendix  Table  3  (cent) 


■eat  Transfer  to  an  underlying  Surface  from  Fabrics  Exposed  to 
Various  Unilateral  Badiant  Meat  Plus  tarsia 

Incident 

Badiant 


Beat  flux 

Badiant  1 

teat 

fabric  No. 

WedjZSJES 1 

Tine  (sect 

Transfer 

(t| 

Fabric  Brent  Description 

Slide-Layer  Fabricst 

(coot) 

34 

0.40 

3 

3 

3 

so 

32 

52 

Initial  peak 

80/20  PFB 
rayon/Manex 

35 

30 

30 

71 

49 

71 

Bast  transfer  stabilizes 

7.0  os/sq  yd 

0.73 

3 

3 

3 

40 

40 

40 

Initial  peak 

14 

13 

12 

123 

127 

US 

Beavy  sacks 

30 

20 

IS 

fS 

44 

71 

Beat  transfer  stabilises 

1.23 

2 

2 

2 

38 

41 

41 

Initial  peak 

3 

3 

3 

73 

73 

78 

Ignition 

44 

0.40 

2 

2 

2 

SO 

35 

32 

Initial  peak 

lOOt  cotton 

30 

25 

27 

if 

74 

74 

Beat  transfer  stabilises 

<.<  os/sq  yd 

0.75 

3 

2 

2 

43 

41 

48 

Initial  peak 

29 

15 

IS 

78 

48 

70 

Ignition 

1.25 

2 

2 

2 

34 

27 

24 

Initial  peak 

7 

f 

4 

55 

53 

32 

Ignition 

SO 

0.40 

2 

2 

2 

SO 

48 

SO 

Initial  peak 

loot  cotton 

30 

25 

25 

74 

47 

74 

Heat  transfer  stabilizes 

S.l  oz/sq  yd 

0.73 

2 

2 

2 

53 

«2 

40 

Initial  peak 

S 

23 

23 

fl 

88 

to 

Ignition 

1.23 

2 

2 

2 

31 

28 

31 

Initial  peak 

4 

4 

5 

43 

41 

49 

Ignition 

37 

0.40 

2 

2 

2 

37 

so 

48 

Initial  peak 

lOOt  cotton 

13 

17 

20 

78 

47 

74 

Light  saoke 

S.l  os/aq  yd 

40 

40 

35 

ff 

74 

49 

Heat  transfer  stabilizes 

0.75 

2 

2 

2 

40 

41 

42 

Initial  paak 

• 

7 

t 

82 

75 

77 

Ignition 

1.25 

2 

2 

2 

34 

28 

32 

Initial  peak 

3 

3 

3 

51 

57 

43 

ignition 

40 

0.40 

4 

1 

2 

29 

34 

30 

Initial  peak 

loot  cotton 

IS 

17 

IS 

57 

49 

S3 

Light  naoke 

4.3  os/sq  yd 

to 

43 

55 

105 

217 

uo 

Maxinun  beat  transfer 

0.75 

2 

2 

2 

49 

35 

44 

Initial  peak 

7 

• 

• 

34 

34 

42 

Ignition 

2* 

27 

• 

38 

45 

42 

Naxlaun  heat  transfer 

1.23 

3 

3 

3 

32 

47 

37 

Ignition 

21 

0.40 

f 

7 

f 

37 

44 

43 

Initial  paak 

lOOt  wool 

30 

23 

23 

48 

55 

48 

Light  snoke 

13.7  os/sq  yd 

40 

45 

37 

47 

74 

42 

Heavy  moke,  intunesces 

0.73 

3 

4 

3 

40 

44 

52 

Initial  peak 

20 

17 

30 

43 

32 

37 

Beavy  snoke,  intunesces 

23 

23 

so 

29 

30 

40 

Beat  transfer  stabilises 

1.23 

3 

3 

3 

31 

33 

33 

Initial  peak 

13 

13 

IS 

18 

21 

51 

Beavy  snoke,  intunesces 

to 

IS 

20 

37 

21 

28 

Ignition 

122 


tfpMdli  Table  1  (eont) 

Heat  Transfer  to  an  Underlying  Surface  fro*  Fabrics  Exposed  to 
Various  unilateral  ladiant  seat  Flux  Levels 


Incident 

Mediant 

Beat  Flux  Mediant  Heat 


Fabric  No. 

(oal/ca3/sec) 

Tine  (sec) 

Transfer 

It) 

Fabric  Event  Description 

Sinqle-Laver  Fabric*: 

(coot) 

63 

0.40 

5 

4 

4 

37 

32 

32 

Initial  peak 

70/30  wool/ 

30 

28 

27 

107 

90 

85 

Heavy  saoke 

aodacrylic 

37 

38 

40 

124 

122 

137 

Maxiaua  heat  transfer 

12.8  ox/sq  yd 

0.75 

3 

4 

5 

23 

36 

34 

Initial  peak 

15 

15 

15 

73 

91 

82 

Heavy  saoke 

20 

18 

— 

100 

100 

— 

Fabric  split 

— 

— 

20 

— 

— 

121 

Maxiaua  heat  transfer 

1.25 

2 

2 

2 

16 

22 

37 

Initial  peak 

8 

8 

7 

72 

80 

86 

Heavy  saoke 

15 

10 

15 

100 

100 

100 

Fabric  split 

23 

0.40 

6 

7 

4 

51 

56 

29 

Initial  peak 

100*  wool 

34 

34 

24 

85 

110 

110 

Heavy  saoke 

12.3  ox/sq  yd 

43 

SO 

50 

59 

100 

122 

Heat  transfer  stabilises 

0.75 

3 

4 

3 

96 

52 

126 

Melts,  heavy  saoke 

20 

13 

10 

100 

100 

100 

Fabric  destroyed 

1.25 

3 

3 

2 

27 

30 

43 

Initial  peak 

10 

12 

10 

107 

105 

102 

Melts,  heavy  saoke 

IS 

— 

12 

100 

— 

100 

Fabric  destroyed 

— 

30 

— 

— 

127 

— 

Iqnition 

46 

0.40 

8 

5 

6 

27 

51 

39 

initial  peak 

lOOt  wool 

20 

25 

30 

24 

46 

49 

Mediua  saoke,  Intuaesces 

(aoth-proof  traated) 

45 

42 

43 

45 

73 

59 

Maxiaua  heat  transfer 

11.6  ox/sq  yd 

0.75 

5 

4 

4 

58 

57 

62 

Initial  peak 

12 

10 

10 

33 

48 

36 

Mediua  saoke 

— 

20 

25 

~ 

30 

41 

Heat  transfer  stabilises 

43 

— 

— 

79 

— 

— 

Maxiaua  heat  transfer 

1.25 

2 

2 

2 

43 

42 

64 

Initial  peak,  heavy  saoke 

10 

IS 

10 

33 

64 

49 

Intuaesces 

23 

30 

IS 

49 

64 

52 

Ignition 

62 

0.40 

4 

3 

5 

61 

73 

44 

Initial  peak 

70/30  wool/ 

20 

17 

25 

93 

74 

117 

Heavy  sanka 

aodacrylic 

38 

35 

— 

85 

48 

— 

Heat  transfer  stabilises 

11. 5  ox/sq  yd 

— 

“ 

34 

— 

— 

144 

Maxiaua  beat  transfer 

0.75 

4 

5 

5 

27 

41 

24 

initial  peak 

IS 

15 

17 

94 

122 

100 

Heavy  sanke 

20 

30 

20 

100 

100 

100 

Heat  transfer  stabilises 

1.25 

3 

3 

3 

21 

24 

21 

Initial  peak 

8 

8 

7 

94 

87 

84 

Heavy  saoke 

11 

10 

10 

100 

100 

100 

Fabric  split 

28 

0.40 

5 

4 

5 

33 

34 

38 

Initial  peak 

t0/10  wool/nylon 

30 

35 

30 

45 

60 

54 

Mediua-heavy  saoke 

1.2  ox/sq  yd 

45 

45 

45 

54 

60 

52 

Beat  transfer  stabilises 

0.75 

4 

4 

4 

37 

34 

32 

initial  peak 

15 

IS 

15 

45 

41 

54 

Heavy  saoke,  intuaesces 

30 

30 

30 

108 

114 

93 

Maxiaua  heat  transfer 

35 

3$ 

35 

80 

100 

100 

Beat  transfer  stabilises 

1.25 

3 

3 

4 

35 

34 

32 

Initial  peak 

10 

12 

12 

34 

*9 

30 

Heavy  saoke,  intuaesces 

12 

18 

23 

44 

50 

10< 

Ignition 

123 


Appendix  Table  3  (cant) 


■eat  Transfer  to  an  Underlying  surface  free  Fabrics  Exposed  to 
Various  unilateral  Jtadiant  Best  Flux  levels 


Incident 

Radiant 

■eat  Flux  Radiant  Beat 


Fabric  No. 

Tine  (sec) 

Transfer 

(t) 

Fabric  Event  Description 

Single-Layer  Fabricat 

(eont) 

25 

0.40 

3 

2 

3 

45 

33 

48 

Initial  peak 

55/45  polyester/wool 

30 

25 

25 

119 

160 

102 

Heavy  smoke 

4.6  oz/sq  yd 

40 

30 

40 

112 

114 

67 

Heat  transfer  stabilizea 

0.75 

2 

2 

3 

41 

37 

35 

Initial  peak 

11 

15 

15 

72 

146 

109 

Melts,  heavy  smoke 

45 

30 

20 

130 

110 

109 

Heat  transfer  stabilizes 

1.25 

2 

2 

2 

31 

29 

30 

initial  peak 

7 

5 

7 

119 

119 

114 

Ignition,  heavy  aanke 

45 

0.40 

10 

5 

e 

29 

27 

24 

initial  peak 

1004  acrylic 

35 

45 

37 

110 

90 

100 

Heavy  smoke 

9.  7  oz/sq  yd 

40 

50 

40 

100 

100 

100 

Fabric  destroyed 

0.75 

3 

4 

5 

12 

13 

13 

Initial  peak 

24 

17 

— 

130 

159 

— 

Ignition,  heavy  smoke 

— 

— 

25 

— 

— 

115 

Heat  transfer  stabilises 

1.25 

■5 

A 

2 

2 

13 

14 

16 

Initial  peak 

11 

S 

ii 

135 

137 

120 

Ignition,  heavy  smoke 

78 

o 

dm 

o 

5 

5 

> 

47 

54 

49 

Initial  peak 

Amatex  16HT65 

45 

40 

45 

63 

65 

62 

Heat  transfer  stabilizes 

Corespun  aeni-carbon 
Kevlar  FR 

0.75 

4 

4 

4 

47 

37 

41 

Initial  peak 

15. 4  oz/sq  yd 

30 

30 

30 

60 

61 

61 

Heat  transfer  stabilizes 

1.25 

4 

3 

3 

31 

36 

32 

Initial  peak 

25 

30 

20 

55 

56 

49 

Heat  transfer  stabilizes 

— 

60 

60 

— 

56 

49 

Ignition 

75 

0.40 

5 

5 

6 

37 

37 

40 

Initial  peak 

100%  Kevlar 

35 

30 

30 

60 

53 

55 

Heat  transfer  stabilises 

8. 3  oz/sq  yd 

0.75 

4 

3 

4 

34 

37 

32 

Initial  peak 

)n 

3u 

30 

59 

61 

56 

Heat  transfer  stabilizes 

1.25 

3 

3 

3 

29 

25 

27 

Initial  peak 

20 

20 

20 

62 

60 

62 

Heat  transfer  stabilizes 

50 

50 

50 

65 

67 

51 

Fabric  glowing 

47 

0.40 

4 

3 

3 

45 

40 

35 

Initial  curve 

lOOt  Noawx 

20 

20 

25 

69 

71 

60 

Heat  transfer  stabilizes 

S.l  oz/sq  yd 

0.75 

3 

2 

3 

35 

35 

33 

Initial  peat 

25 

20 

30 

55 

55 

57 

Heat  transfer  stabilises 

1.25 

2 

2 

2 

25 

29 

29 

Initial  peak 

20 

45 

22 

123 

ISO 

122 

Maximum  heat  transfer 

40 

45 

30 

115 

100 

52 

Ignition 

74 

0.40 

3 

3 

3 

41 

41 

50 

Initial  peak 

5P/50  Nose* /Kevlar 

5.0  oz/sq  yd 

25 

20 

30 

57 

55 

65 

Beat  transfer  stabilises 

0.75 

2 

2 

2 

36 

33 

34 

Initial  peak 

25 

30 

25 

62 

65 

60 

Heat  transfer  stabilises 

1.25 

2 

2 

2 

31 

32 

32 

Initial  peak 

45 

37 

23 

76 

69 

67 

Ignition 

124 


Appendix  Table  3  (coot) 


Beat  Transfer  to  an  Underlying  Surface  froa  Fabrics  exposed  to 
Various  Unilateral  lad i ant  Beat  Flux  Levels 


Incident 

Radiant 

Beat  Flux  Radiant  beat 


Fabric  Mo. 

Ties  (sec) 

Transfer 

JJLL- 

Fabric  event 

Description 

Single-Laver  Fabrics! 

(cent) 

73 

0.40 

3 

2 

3 

33 

45 

43 

Initial  peak 

33/3  Hcatx/Ievlar 

3.3  os/sq  yd 

25 

20 

25 

S3 

63 

67 

Beat  transfer 

stabilises 

0.73 

3 

2 

2 

32 

36 

23 

Initial  peak 

20 

20 

20 

SO 

54 

51 

Beat  transfer 

stabilises 

1.23 

2 

2 

2 

23 

26 

23 

initial  peak 

13 

13 

15 

S3 

58 

53 

Second  peak 

43 

54 

45 

63 

65 

65 

Ignition 

33 

0.40 

7 

10 

12 

52 

62 

57 

Initial  curve 

nylon  -  double 

30 

23 

25 

S6 

86 

67 

Melts 

butyl  coated 

44 

43 

35 

*>8 

68 

117 

Beat  transfer 

stabilizes 

12.5  os/sq  yd 

0.73 

S 

7 

6 

31 

31 

26 

initial  peak 

15 

16 

16 

SI 

132 

140 

Mediua  saoke 

23 

20 

30 

100 

114 

11B 

Fabric  destroyed 

1.25 

3 

4 

4 

17 

30 

22 

initial  peak 

S 

13 

5 

122 

55 

73 

ignition 

3 

0.40 

3 

3 

4 

33 

57 

36 

Initial  peak 

cotton,  resin  Modified 
butyl  coated 

23 

35 

23 

62 

67 

67 

Beat  transfer 

stabilises 

10.5  os/sq  yd 

0.73 

4 

4 

4 

41 

44 

33 

initial  peak 

20 

15 

IS 

63 

71 

33 

Mediua  saoke 

2S 

— 

— 

SI 

— 

— 

Ignition 

— 

30 

30 

— 

60 

62 

■eat  transfer 

stabilizes 

1.25  222  22  39  30  Initial  peak 

6  5  4  33  34  S3  Ignition 


32 

0.40 

13 

S 

6 

48 

64 

67 

Initial  peak 

nylon,  neoprene 

40 

37 

40 

73 

73 

113 

Mediua  saoke 

cnoted 

45 

43 

50 

SI 

74 

163 

■eat  transfer 

stabilises 

7.7  os/sq  yd 

0.73 

6 

3 

6 

26 

23 

27 

Initial  peak 

15 

14 

12 

71 

53 

76 

Mediua  saoke 

20 

20 

20 

60 

65 

65 

■eat  transfer 

stabilises 

1.23 

3 

4 

3 

103 

33 

33 

ignition 

IS 

0.40 

3 

S 

6 

71 

71 

67 

Initial  peak 

nylon,  polyurethane 
coated 

13 

20 

16 

100 

ICO 

100 

Fabric  Belted 

3.1  os/sq  yd 

0.75 

2 

2 

2 

33 

36 

41 

Initial  curve 

3 

3 

3 

100 

100 

109 

Melted 

1.23 

2 

2 

2 

62 

71 

78 

Ignition 

72 

0.40 

3 

4 

4 

53 

SO 

47 

initial  peak 

Polyacrylonitrile 

45 

50 

40 

73 

73 

S3 

Best  transfer 

stabilises 

(PAM) 

15.6  os/sq  yd 

0.73 

4 

3 

3 

26 

21 

22 

initial  peak 

26 

25 

23 

77 

61 

76 

Second  peak 

43 

35 

40 

64 

67 

63 

Beat  transfer 

stabilises 

1.25 

2 

2 

2 

33 

37 

21 

Initial  peak 

10 

11 

12 

52 

S3 

52 

Mediua  saoke 

45 

23 

40 

70 

60 

73 

■eat  transfer 

stabilises 

125 


Appendix  Table  3  (eon".) 


Hast  Transfer  to  an  Underlying  aurfoce  fxoa  rabcica  Exposer  to 
Varloua  unilateral  Radiant  Haat  Plus  Lavala 


fabric  No. 


Incident 
Radiant 
Haat  Plua 

(cal/ca2/sec)  Tina  (aac) 


Radiant  Heat 
Tranafer  (%) 


fabric  Event  Description 


Fabric  Aaaanbliaai 


40 

0.40 

5 

6 

7 

54 

50 

49 

Outer  ahell  netted 

polyeater  ahall. 

14 

32 

35 

73 

65 

69 

Mediua  saoke 

wool  liner 

— 

50 

— 

— 

116 

— 

Maximum  heat  tranafer 

12.0  oz/sq  yd 

50 

— 

45 

5« 

— 

55 

Haat  tranafer  stabilizes 

0.75 

4 

4 

4 

43 

43 

47 

Outer  ahell  netted 

15 

15 

14 

51 

55 

84 

Heavy  aaoke,  liner 

in tune  ace a 

40 

30 

25 

57 

77 

94 

Maxi nun  heat  tranafer 

45 

35 

35 

60 

60 

TO 

Beet  tranafer  atabilizaa 

1.25 

2 

2 

2 

45 

34 

45 

Cuter  ahell  netted 

« 

6 

13 

45 

54 

45 

Heavy  aaoke,  intuneaing. 

outer  ahall  ignited 


1A 

0.40 

5 

2 

4 

23 

18 

28 

Initial  peak 

polyeater  bett. 

IS 

— 

— 

123 

— 

— 

Aaaeably  aelta 

nylon  fabric 

— 

15 

22 

— 

115 

95 

Heat  tranafer  atabilizea 

4.6  oz/sq  yd 

0.75 

4 

4 

4 

29 

26 

27 

Aaaeably  relta,  mediua 

aaoke 

7 

6 

7 

100 

100 

100 

Pabric  destroyed 

1.25 

2 

2 

2 

lie 

70 

50 

Ignition 

1 

0.40 

3 

4 

3 

IS 

20 

23 

Initial  peak 

polyurethane 

15 

16 

17 

60 

38 

53 

Second  peak 

coated  nylon  and 

20 

— 

— 

100 

— 

— 

Aaaeably  aelta 

1A  above 

20 

40 

45 

100 

80 

63 

Heat  transfer  stabilizes 

0.75 

10 

10 

10 

40 

27 

23 

Aaaeably  aelta,  aedlua 

aaoke 

23 

13 

15 

•6 

77 

97 

Heat  transfer  stabilizes 

1.25 

3 

3 

2 

28 

25 

25 

Ignition  of  !A  only 

13 

0.40 

7 

10 

10 

20 

32 

29 

Initial  peak 

50/50  cotton/nylon 

40 

35 

35 

41 

55 

41 

Mediua  aaoke 

fluorocarbon  treated 
outer  ahelli 

40 

36 

53 

41 

107 

88 

Maxiaua  heat  tranafer 

1009  nylen  liner 

0.75 

10 

10 

10 

25 

33 

30 

Mediua  aaoke 

20.0  oz/eq  yd 

17 

It 

20 

24 

23 

2f 

Heavy  aaoke 

20 

30 

35 

93 

30 

193 

Aaaeably  aelta 

1.25 

3 

3 

.a— a 

11 

13 

Initial  peak 

3 

7 

8 

t 

21 

19 

Ignition  of  outer  shell 

only 


2A 

0.40 

6 

5 

4 

18 

13 

15 

Initial  peak 

50/50  cotton/poly- 

35 

30 

30 

53 

43 

55 

bight  aaoke 

eeter  outer  shell r 

50 

45 

40 

58 

48 

53 

deat  transfer  atabilizea 

1008  nylon  liner 

12.5  oa/aq  yd 

0.75 

3 

3 

4 

20 

14 

15 

Initial  peak 

10 

11 

10 

41 

39 

39 

Aaaeably  ignition 

1.25 

5 

4 

5 

27 

21 

29 

Aaaeably  ignition 

32 

30 

30 

52 

4f 

30 

Maxiaua  heat  transfer 

i  ‘ring  ignition 

126 


Appendix  Table  3  (cont) 


Heat  Transfer  to  an  Underlying  Surface  free  Fabrics  Exposed  to 
Various  unilateral  Radiant  Heat  Flux  Levels 


Incident 

Radiant 

Heat  Flux  Radiant  Heat 


Fabric  no. 

■HiEViiai 

Tise  (sec) 

Transfer 

(t) 

Fabric  Event  Description 

Fabric  Aaaeablieat 

(cent) 

55 

0.40 

5 

5 

5 

32 

37 

45 

Initial 

50/50  cotton/nyloo 

30 

32 

33 

44 

58 

55 

Medlua  saoke 

fluorocarbon  treated 
outer  shell 

60 

to 

60 

77 

124 

124 

Maxinua  heat  transfer 

(aaae  as  113)  i 

0.75 

4 

4 

4 

24 

44 

37 

Initial  peak,  aediua  saoke 

loot  cotton  liner t 

17 

25 

40 

60 

87 

99 

Maxiaua  transfer  during 

polyester  batt/ 
nylon  fabric 

ignition 

22.0  oz/sq  yd 

1.25 

2 

3 

4 

17 

27 

26 

Ignition 

20 

3 

4 

49 

27 

26 

Maxiaua  transfer  during 

Ignition 

2  IF. 

0.40 

7 

7 

6 

39 

4$ 

54 

Initial  peak 

loot  wool  outer 

30 

25 

30 

37 

39 

32 

Heavy  saoke 

shell i  loot  nylon 
liner 

55 

55 

50 

49 

46 

51 

Heat  transfer  stabilizes 

24.9  oz/sq  yd 

0.75 

6 

7 

7 

a 

42 

36 

Initial  peak 

IS 

15 

15 

25 

29 

28 

Heavy  saoke,  intuiMsces 

33 

45 

35 

91 

48 

69 

Maxiaua  heat  transfer 

1.25 

5 

4 

5 

28 

26 

28 

Initial  peak 

13 

13 

13 

13 

13 

12 

Heavy  saokx,  intune aces 

15 

28 

22 

21 

25 

13 

Asseably  ignition 

58 

0.40 

6 

4 

7 

35 

45 

43 

Initial  peak 

nylon/acrylic  outer 

18 

20 

IS 

100 

113 

128 

Medina  saoke 

shell;  carbon  im¬ 
pregnated  liner 

30 

50 

35 

100 

78 

98 

Heat  transfer  stabilises 

10.7  ox/sq  yd 

0.75 

4 

4 

4 

31 

31 

41 

Initial  peak 

8 

8 

8 

18 

86 

85 

Outer  shell  aelts,  aediua 

saoke 

20 

20 

25 

97 

98 

86 

Maxiaua  heat  transfer 

45 

40 

35 

70 

70 

69 

Heat  transfer  stabilises 

1.25 

2 

2 

2 

32 

28 

25 

Initial  peak 

4 

4 

4 

50 

52 

32 

Ignition,  outer  rhell 

only 
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